Influence of plant population levels on the correlation among agronomic characters of S2 lines of maize and of their testcrosses by Ortiz-Cereceres, Joaquin
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1967
Influence of plant population levels on the
correlation among agronomic characters of S2 lines
of maize and of their testcrosses
Joaquin Ortiz-Cereceres
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Ortiz-Cereceres, Joaquin, "Influence of plant population levels on the correlation among agronomic characters of S2 lines of maize and
of their testcrosses " (1967). Retrospective Theses and Dissertations. 3201.
https://lib.dr.iastate.edu/rtd/3201
This dissertation has been 
microfilm ed exactly as received 68-5972 
ORTIZ-CERECERES, Joaquin, 1936-
INFLUENCE OF PLANT POPULATION LEVELS ON 
THE CORRELATION AMONG AGRONOMIC CHARACTERS 
OF 8g LINES OF MAIZE AND OF THEIR TESTCROSSES. 
Iowa State University, Ph.D., 1967 
Agronomy-
University Microfilms, Inc., Ann Arbor, Michigan 
lEFLOENGB OF BL&NT POPOLATIOIT LEVELS 
ON THE OOHBELATION MONG AGBONOMIO OHABACIEES 0? Sg 
LINES OF UAIZS AKD OF THSIH OSSTCSOSSSS 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Eequirements for the Degree of 
DOCTOR OF PHILOSOPHÏ 
Major Subject: Plant Breeding 
by 
Joaquin Ortiz-Oereceres 
Approved 
In Charge of Major Work 
Iowa State University 
Ames, Iowa 
1967 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
11 
TA-RTR Of OONŒSîîTS 
Page 
INmnXJOHON 1 
HBVIEW 0? LITBBàTOBE 3 
MATR-RTATA AND HEŒHQDS 20 
A. PlelcL Procedure 20 
B. Statistical Analysis 23 
SXEBSIMENTAL BESDLTS 32 
DISCUSSION 79 
SUMAEH" AND CONCLUSIONS 93 
MTSmTUEB OIIED 99 
ACKNOWIEDGaSENTS 102 
1 
INTROnrOTION 
Successful developnent of improved hybrids and synthetic 
populations of corn fZea mavs L.) depends upon the precise 
evaluation of the inbred lines developed. Early work in the 
development of hybrid varieties was based upon crossing in 
all possible combinations of inbred lines visually selected 
during the inbreeding process. By this procedure the number 
of single and double cross combinations increases rapidly with 
increasing numbers of inbred lines. Since this procedure was 
very expensive and time consuming, corn breeders realized that 
a more ezpeditious procedure was needed to permit the culling 
of lines not likely to be valuable in hybrid combinations 
I early in the breeding process. The procedure developed as 
presented by Davis (1927) and described in detail by Jenkins 
and Brunson (1932) was that of initial selection of the inbred 
lines in topcross combinations for general combining ability 
followed by a test for specific combining ability among the 
lines selected in the first test. However, different testers 
may rank differently the same lines with respect to general 
combining ability. The use of the topcross procedure may give 
varying measures of general combining ability because of the 
disturbing action of nonadditive genetic effects #iich may 
vary considerably with the tester used. 
General combining ability is considered to be primarily 
a function of additive genetic effects. The behavior of 
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inbred lines -per se is also largely a function of their addi­
tive genetic endoiment as -was indicated by the results re­
ported by Browne (1949) and Lonnguist and Lindsey (1964) of 
the cross combinations between high and low yielding inbred 
lines. In testing for general ccmbining ability, line Tier se 
evaluation appears worthwhile. Since this procedure does not 
involve the interference of the genetic contribution of the 
tester, a better evalua-tion of the additive genetic constitu­
tion of the lines will be made. 
The evaluation of inbred lines "Per se also has been con­
sidered as a possible way to develop high yielding inbred lines. 
Be suits reported by Genter and Alexander (1966) support this 
idea. High yielding inbred lines are veiy important because 
currently there exists an increasing trend toward the commer­
cial use of single cross hybrids. In order to make the pro­
duction of single cross seed more economical, high yielding 
inbred lines are necessary. 
The study presented herein was designed to compare test-
cross and line Der se evaluation and to determine the influence 
of two plant population levels (16,000 and 24,000 plants per 
acre) on the relationship between plant, ear, and kernel char­
acters as expressed in 8^  inbred progenies of maize and in 
their corresponding testcrosses. 
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EEVÎEW 0? LITBBATŒRB 
After Sbull (1910) emphasized the value of isolating in­
bred lines of corn and of using crosses between them to 
maximize production, corn researchers began to study the plant 
and ear characters in the inbred lines tràiich were more con­
sistently associated with the yield of the inbred lines and of 
the hybrids between them. Hayes (1926) discussing the 
value of the methods of breeding available up to 1926, pointed 
out that "The characters in selfed lines #iich, in general, 
are correlated with vigor should be learned." He presented 
the results of some studies indicating that yield of selfed 
strains was strongly correlated with characters #d.ch were an 
expression of vigor, such as ear length and number of ears 
index, and to a less degree on the average with size of the 
seed. He also reported that in some varieties seedling vigor 
was strongly correlated with yield and in other cases there 
appeared to be no relationship. 
Nilsson-Leissner (192?) indicated that since the use of 
inbred strains of corn for the production of single crosses, 
double crosses, and synthetic varieties was a commonly 
accepted method of corn breeding a thorough knowledge of the 
relationship between the parental inbred lines and the 
crosses between them was of great importance. He reported the 
results of a study including 22 lines of corn selfed from four 
to seven generations and 100 5*, crosses between them. 
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Oorrelations between the average expression of yield, ear 
length, ear diameter, number of kernel rows, percent of second 
ears, and plant height in the pai*ental lines with the same 
characters of the cross progenies were highly significant 
and positive, ranging from .74 to ,94. Multiple correlations 
of yield of crosses in relation to the average of each two 
parental lines for the siz characters previously mentioned was 
.66. He concluded that the results presented demonstrate that 
selection among the selfed lines for the characters desired is 
of value and that crosses between the most vigorous inbreds 
yielded better on the average than crosses between less vigor­
ous inbreds. However, the author emphasized that the only 
method of determining the better combinations is by actual 
trial. 
Jenkins (1929) conducted a very extensive study of the 
relationship of inbred lines of corn and the various cross­
es between them. Within the inbred lines, he obtained signifi­
cant and positive phenotypic correlation coefficients between 
yield and plant height, number of ears per plant, ear length, 
ear diameter, and shelling percentage; and negative and signif­
icant correlations between yield and date of silking, shrink­
age of harvested ears, chlorophyll grade, and ear shape index. 
Yield of the crosses was correlated significantly and posi­
tively -With the parental inbred line characters date of tassel-
ing, date of silking, plant height, number of nodes per plant. 
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number of nodes below the ear, number of ears per plant, ear 
length, ear diameter, and yield. There was a negative signif­
icant correlation between yield of the hybrids and ear 
shape in the parental inbred lines. In general characters in­
dicating vigor and size in the lines were correlated posi­
tively with yield in the inbred lines and also in the test-
crosses. He concluded that the most productive crosses may 
be expected from the most productive inbred lines, 
Davis (1934) reported an experiment in #iich he studied 
the first and second inbred generations of a group of lines 
and the testcrosses of the lines to an unrelated open 
pollinated variety of maize. He found a positive and signif­
icant correlation between yield of the testcrosses and the 
average yield of the first and second generation inbred line 
parents and positive but nonsignificant correlation between 
yield of the testcrosses and leaf width and mode for degree 
of denting of kernels in the inbred parents. There was a 
negative but nonsignificant correlation between yield of the 
testcrosses and percentage of barren and diseased plants in 
the inbred parents. He concluded from the study of these 
correlations that within the material studied the average 
yield of the first and second inbred generations was the most 
dependable basis for selection of inbred lines and suggested 
that performance of the cross of inbred lines with a variety 
could be used as a way for preljjninary screening of inbred 
lines. 
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Johnson and Hayes (1936) found in a study involving 39 
inbred lines and their topcrosses to the parental variety 
that the yield of the crosses was associated in only a small 
degree with the characters studied in the lines. A few sig­
nificant but low correlations between yield of the topcrosses 
And the characters of the inbred lines were obtained. Ear 
length and stalk diameter of the inbred lines tended to be 
positively correlated with topcross yields; and number of 
suckers per plant, negatively correlated with combining abil­
ity as judged by yield of the topcrosses. 
In a more extensive study including 110 field corn inbred 
lines, Hayes and Johnson (1939) found that yield of the top-
crosses were significantly correlated with twelve characters 
of the inbred lines which represented vigor such as date of 
silking, plant and ear height, leaf area, pulling resistance, 
root clump volume, stalk diameter, total brace roots, ear 
shank length, yield indez, ear length, and tassel index. 
Correlations ranged from 0.190 for tassel index to 0,543 for 
root volume. A multiple correlation coefficient of 0.666 was 
obtained between yield of the topcrosses and the twelve char­
acters of the inbreds. These results provided further evi­
dence supporting the procedure of selecting the most vigorous 
inbred lines in a corn breeding program for the production of 
hybrid combinations. 
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Ayleswortii (1948) found highly significant coirelations 
between some inbred characters and the same characters in the 
inbred-variety crosses. Correlations between yields of the 
inbred-variety crosses and the characters of the inbred lines 
were positive and significant in the case of date of silking, 
plant height, yield, ear length, and date of pollen shedding. 
The multiple correlation of 0.594 for the relationship be­
tween inbred-variety yields and eleven inbred characters was 
not significant, 
Browne (1949) reported a study including 14 inbred 
lines (eight selected from the open pollinated variety Yellow 
Paymaster and six from the open pollinated variety Franklin 
Yellow Dent), their topcrosses to the respective parental 
variety, and the possible 91 single crosses among the lines. 
He obtained a positive and highly significant correlation be­
tween single cross and sibbed inbred line perfonaance. 
This correlation had a value of 0.61. However, when three 
inbred lines which were very poor as lines were eliminated, 
this correlation coefficient increased to 0.93. He concluded 
from these results that in general all the lines nsôiich were 
superior as indicated by their performance VBT se were also 
superior as judged by their mean single cross and topcross 
performance. In order to obtain some information on the type 
of gene action involved in the performance of the inbred 
lines Der se. the 14 lines were divided into two groups of 
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low and. high yielding inbreds ; and the possible crosses among 
the lines in these two groups were obtained. The mean yields 
of the different types of crosses were as follows: 
High X high $1.6 bu/acre 
High z low 47,2 bu/acre 
Low X low 40.7 bu/acre 
These results, as the author concluded, suggested that the 
interaction of favorable dominant genes of small individual 
effects was important in conditioning the performance of these 
inbred lines and of their crosses. 
Kozelnicky (1952) reported the results of a study in 
Tôiich the performance of 35 inbred lines was compared with 
the performance of their progeny in testcross combinations. 
Oorreiations were calculated between the characters in the in­
bred lines and the same characters in the testcross progenies. 
Plant weight of the inbreds was used in lieu of grain yield 
because of the lack of seed due to adverse weather conditions 
during the growing season. Correlation between inbred and 
testcross progenies for the characters resistance to stalk 
lodging, resistance to leaf blight, ear height, and plant 
height were positive and highly significant. The correlation 
between inbred plant weight and testcross progeny grain yield 
was not significant. In general, comparisons between char­
acters in inbreds with the same characters in the testcross 
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progenies showed a high degree of relationship for all char­
acters except for inbred plant weight and testcross grain 
yield. 
In recent years the increasing trend toward the commer­
cial use of single-cross hybrids has forced corn breeders to 
look for procedures by nAiich high yielding inbred lines may 
be developed in order to make single-cross seed production 
more economical. One procedure ixÈiich has been suggested to 
accomplish this goal is the development of high yielding syn­
thetics by recurrent selection based upon the performance of 
inbred lines Der se from "sûiich high yielding inbred lines may 
be developed. However, since the ultimate use of these in­
bred lines would be in hybrid combinations, combining ability 
is of the greatest importance. This has led corn breeders to 
restudy the relationship between inbred lines and testcrosses 
and between inbred lines and single crosses among them. 
Center and Alexander (I962) reported a study on the com­
parative Performa ace of inbred lines and testcross prog­
enies of maize. They selfed ^ 1 plants from each of the 
synthetic varieties Gorn Belt Southern Synthetic and Virginia 
Long Ear Synthetic and at the same time crossed each S^  plant 
to two single crosses. The 8^  ^lines and testcrosses were 
grown in adjacent replicated test at two locations. Data 
were taken at harvest on wei^ t of ears, moisture content of 
the grain, percent of root lodged plants, percent of stalk 
10 
broken plants, and quality of grain scored visually. Ibe 
variability of means in the two types of tests was quite 
different. In comparisons between the performance of 8^  
progenies and corresponding testcrosses at the same location 
and in combined experiments from both locations and adjacent 
tests, the ranges of the means were greater than those of 
the testcrosses for all five characters studied. This is 
further reflected in the mean squares from the analysis of 
variance reported. Significant location x progeny inter­
action occurred in 8 out of 15 analyses and significant loca­
tion X testcross progeny interaction occurred in l8 out of 30 
analyses. îHiis, the authors say, shows that the progeny 
performance is much more consistent under different environ­
ments than testcross perforoiance. To provide further evi­
dence on this point, the authors presented the correlation 
coefficients for the two types of evaluation between adjacent 
tests in the same location. In general highly significant 
correlations were obtained for progeny responses for each 
of the five traits measured between duplicated adjacent 
tests. Similar correlations of testcross data were very low, 
and none was significant. The authors stated that these 
correlation data provided further evidence that perform­
ance is more distinctly defined and more consistent under 
different environments than performance of corresponding 
testcrosses. The authors concluded that the data presented 
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is evidence that selection of inbred lines based on their 
perfoimance "Per se should be more reliable than selection on 
the basis of testcross performance. However, they said that 
the ultimate value of evaluation will depend largely upon 
their effectiveness in shifting gene frequencies in the de­
sired direction in a given population. 
Genter and Alexander (I966) reported the results of two 
parallel recurrent selection programs originating from the 
same 153 inbred lines derived from the Corn Belt Southern 
Synthetic variety. Selection was based on progeny yield 
in one program and on testcross yield in the other. Each re­
current selection program was carried on throu^  two complete 
cycles. S^  yield tended to increase with selection both for 
self progeny yield and for testcross yield. The mean 
yield increased 31.4^  in two cycles of selection based upon 
line "Per se perf oimance and 17.9^  in two cycles of selection 
based upon testcross performance. One or more inbred 
lines derived from each new synthetic population approached 
the yield of the original Corn Belt Southern Synthetic popu­
lation, and four S-j^  lines derived from the second cycle syn­
thetic in the program based upon 8^  progeny performance 
(OBS prg) yielded from 300 to 400 pounds per acre more than 
the original Oorn Belt Southern Synthetic population. Yield 
trials were conducted including both S^  inbred lines and 
their corresponding testcrosses. The correlation between the 
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yield of the 153 lines derived, from the original Corn Belt 
Synthetic and the yield of their corresponding testcrosses 
was a highly significant 0.61, and six of the ten most pro­
ductive lines were among those that produced the ten highest 
yielding testcrosses. The correlation between the lines 
derived from the first cycle synthetic from the program based 
upon testcross progeny performance (OBS tc^ ) and their corre­
sponding testcrosses was 0.47, also hi^ ly significant; and 
four of the ten most productive lines were among those 
that produced the ten highest yielding testcrosses. The 
correlation between yields of lines derived from the sec­
ond cycle synthetic from the program based upon testcross 
performance and their corresponding testcrosses was 0.15} and 
only two of the ten most productive inbred lines were among 
those that produced the highest yielding testcrosses. from 
these results the authors concluded that in general in a re­
current selection program the most productive inbred lines 
tend to produce the more productive crosses and that the re­
lationship becomes less distinct with each succeeding cycle 
of selection. 
In a second experiment reported in the same paper, they 
found that lines T±iich were derived from the more productive 
progenies were most frequently maintained under visual 
selection; and in general discarding in each generation tend­
ed to be most severe among those progenies derived from lower 
13 
yielding inbred lines. Nine of the ten lines that were 
still represented after visual selection in progenies were 
above average in yield. Seven of the 31 lines that were 
still represented after selection on progenies produced 
testcrosses that averaged from 105 to 110^  of the trial mean 
and six of these seven were in the upper ^ 0% in yield. 
The authors concluded from the results of this second experi­
ment that selection for vigorous inbred lines %)er se may be 
effective in selecting for general combining ability. How­
ever, they pointed out that sometimes there was a great deal 
of difference between the lines that appeared to be vigor­
ous and those that were high in yield, and that yield in corn 
is very difficult to evaluate visually. 
Lonnquist and Lindsey (1964) conducted a study based 
upon the evaluation of S-j_ inbred lines using three types of 
test procedures; 1) lines Tier se. 2) testcross to an un­
related tester, and 3) testcross to the parental popula­
tion, Kjjj Synthetic. The S^  lines ranged in yield from 
14.5 to 57.6 cwt/acre. Testcrosses to the unrelated tester 
ranged from 48.9 to 67.3 cwt/acre; and to the related tester, 
from 42.5 to 70.7 cwt/acre. In general the range in expres­
sion of the various traits measured was much greater in the 
line -per se test than in the testcross trial. This was also 
evident in the analysis of variance. The variance component 
due to genotypic differences among the progenies tested was 
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greater in the inbred line test, being seven times that in 
the testcrosses to the related tester and nearly five times 
that in the testcrosses to the unrelated tester. The corre­
lation between the mean yield of the inbred lines and the 
mean yield of the testcrosses to the unrelated tester and to 
the related tester were 0.30 and 0.27, respectively. Al­
though these correlations were highly significant, the au­
thors considered that they were too low to have any predic­
tive value. Other traits measured such as moisture at harvest, 
plant and ear height, percentage of stalk lodging, and per­
centage of dropped ears were more highly correlated, with r 
values ranging from 0.49 to O.93. 
Since this study was conducted over a two-year period, 
an estimation of genotype z environment interaction component 
of variance was obtained for the two types of test. The geno­
type X year interaction component of variance was much greater 
in the line T)er se test than in the testcrosses, indicating a 
greater sensitivity of the inbred lines to environmental 
differences. They also presented preliminary infoimation on 
the performance of the newly synthesized populations from the 
S-[^  line and the testcrosses to an unrelated tester selected 
groups. The two new populations yielded significantly more 
than the parental population Kjjj Synthetic. The differences 
between the two new synthetics were not significant. From 
these results, the authors concluded that neither evaluation 
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procedure permitted selection of all the better lines from 
the stand point of population improvement. 
The high and low yielding lines from each of the two 
evaluation procedures (line -per se and testcross to an unre­
lated tester) were selected, and crosses between and within 
groups were obtained in order to provide comparisons to 
study the predominant types of gene action prevailing in the 
two types of line evaluation. Intercrosses of lines selected 
on the basis of inbred line test resulted in a yield trend 
expected nAien additive gene action predominates. The yield 
of the high x low crosses (61.7 cwt) was essentially mid 
way between that of the high x high (63.4 cwt) and the low z 
low (55.5 cwt). Intercrosses of lines selected on testcross 
performance resulted in a yield trend suggesting overdominant 
gene action; the high x low crosses (70.7 cwt) exceeded the 
high X high (69.3 cwt) and low x low (62.3 cwt) cross means. 
Although these authors did not find a definite relation­
ship between line -per se and testcross perfomance, they 
recognized that the use of a line test would be a more effec­
tive evaluation procedure than testcross evaluation. With a 
wider range of phenotypic e33)ression for yield the line test 
would permit a better discrimination among line genotypes. 
Nanda (1966) studied eight highly inbred lines and their 
testcrosses to the open pollinated variety Golden G-low and to 
the single crosses ¥23S x 0140 and W37A x MS214, All inbred 
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lines were unrelated to the testers. The inbred lines -per se 
and their testcrosses were grown in separated trials. The 
characters studied were flowering date, plant and ear height, 
ear length, ear moisture at harvest, grain yield, and shell­
ing percentage. Correlations between testcrosses and inbred 
lines were nonsignificant and ranged from 0.60 to O.71 for 
grain yield and shelling percentage, respectively. Positive 
significant correlations ranging from O.72 to 0.95 were ob­
tained for number of days to mid-silk, ear moisture at har­
vest, plant height, ear height, and ear length. He concluded 
from these results that the performance of inbred lines them­
selves gives a good indication of the performance of their 
hybrid progenies for relatively simply inherited traits. Al­
though he did not define "which are simply inherited charac­
ters, it is clear that he is referring to characters other 
than grain yield and shelling percentage. 
Boss (1939) reported a study on the relationship between 
seven agronomic characters of sunflowers (Helianthus annrs 
L.) and yield of seed and oil content. He found a statisti­
cally significant and positive correlation between the per­
centage of oil in the seed and the yield of seed produced. 
There was a highly significant and negative correlation be­
tween seed yield and the characters number of branches, num­
ber of leaves, days to blooming, and number of heads per 
plant. A nonsignificant relationship was observed between 
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oil Gontient of the seed. and. the characters number and. area of 
leaves, diameter of main head.s, number of branches, lays to 
blooming, and nimber of head.8 per plant, ïïie author conclud­
ed. that the taller nonbranching types are worthy of special 
consideration as basic breeding material in breeding sun­
flowers with the aim of hi^  yielding varieties of high oil 
content. 
Putt (1943) studied the relationship between sunflower 
yield of seed and the plant characters days from seedling to 
maturity, plant height, stem diameter and diameter of the 
main head. He used I88 inbred lines the first year and 60 
the second year. Highly significant and positive correla­
tions between seed yield and these four characters were ob­
tained. None of these five characters tos correlated signifi­
cantly with oil content of the seed, but percentage of oil of 
the "wftiole seed was correlated significantly with percent ker­
nel of the "sfeole seed. Nonsignificant negative correlations 
were obtained between oil content and seed size and wei^ t 
per bushel. Ihe multiple correlation between oil content and 
the characters days to maturity, plant height, stem diameter, 
head diameter, seed yield, 1000 seed weight, and percent ker­
nel was 0.599» most of the variability accounted for in oil 
content was due to kernel content. The author concluded that 
selection of large heads and large stems will aid greatly in 
the development of lines of high oil content. However, he 
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said, that selection of material "with short stems and early 
maturity will not deter the attainment of high yielding in-
breds. 
BQSsell (1952) reported a two-year experiment on the 
inter-relationship of seed yield, oil content, aM several 
agronomic characters in sunflower inbred lines and their 
topcrosses. He found highly significant and positive correla­
tion coefficients in both years for the characters days to 
flower, height of plants, and rust rating and in one year for 
head diameter and percentage of lodged plants of the inbred 
lines and the same characters in their topcrosses. Nonsignif­
icant correlations were found between ten plant characters of 
the inbred lines and their combining ability as expressed by 
the yield of their topcrosses with the variety Sunrise. Oil 
content and kernel content had a positive and highly signifi­
cant correlation in the inbred lines during the two years of 
the test ard. in the testcrosses only during the second year. 
Die correlation between percent of oil in the seed of inbreds 
ani in the seed of their topcrosses was positive and highly 
significant in the second year of the study. The inbred 
lines themselves showed highly significant differences for 
all characters studied. The author concluded from these re­
sults that there existed a good opportunity for selection of 
inbred lines in respect to the characters studied when they 
are tested themselves as compared with the testcross testing 
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procedure. He also suggested that the absence of any definite 
relationship between inbred characters and combining ability 
of the inbred as expressed by the yield of their topcrosses 
may be due in part to the genetic relationship between the 
lines and the variety Sunrise used as tester in this study. 
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MA.TEBIALS AKD METSODS 
Field. Procediire 
Ttie parental material used in this study, Oorn Borer 
Synthetic # 3, was developed in the Io"wa State University corn 
breeding program by the recombination of l6 inbred lines se­
lected from different sources for their resistance to the 
European corn borer, Ostrinia nubilalis (Hubner). 
In 1965, 258 S., progeny rows derived from this popula­
tion were grown in the corn breeding nursery on the Iowa State 
University Agronomy farm. One or more plants in each row, 
selected for vigor and generally desirable plant type, were 
self-pollinated and also crossed to five plants of the par­
ental variety, Sg and associated testcross seed from one S^  ^
plant in each of 124 rows was harvested for use in this study. 
The 124 Sg progenies were randomly assigned to four sets of 
31 progenies each. The testcross progenies also were assigned 
to four sets corresponding to the related S^  progenies. A 
standard inbred line or its testcross to Oorn Borer Synthetic 
# 3 was included in each of the Sg and associated testcross 
sets for comparison purposes. However, the data from these 
check lines and testcrosses were not included in the analyses 
reported in this thesis. 
Yield trials containing all the progenies and the checks 
at two population levels (16,000 and 24,000 plants per acre) 
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were planted at three locations, Ames, Ankeny and Kana#ia, 
Iowa, in 1966. 
The experimental design used was a split-split-plot with 
three replications. Each replication consisted of four tdiole 
plots, two progeny types at two population levels each. Each 
whole plot contained four subplots (sets) and each subplot 
included 31 progenies plus one check. A different randomiza­
tion was used for each experiment at each location. Each 
basic experimental unit or sub-sub-plot consisted of two rows 
40 inches apart, each row containing three hills 20 inches 
apart in the low population level and four hills 13-1/3 
inches apart in the hi^  stand level. All plots were over-
planted and later thinned to two plants per hill. Three 
plants were left in some hills to compensate for missing 
plants in other hills. Uniform competition was provided to 
the border hills in a plot by planting similar material 
(inbred or testcross) at the same population level in the 
alleyways between adjacent blocks. In this way all the 
plants in a plot had the same level of competition. 
Data were obtained for the eight quantitative characters 
number of plants with two ears, plant height, ear length, ear 
diameter, kernel depth, grain yield, shelling percentage, and 
300-kernel weight. Plant height was measured after anthesis 
as the distance in centimeters from the ground to the collar 
of the uppermost leaf. All plants in a plot were harvested 
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and. the ears dried in a forced air dryer to a uniform moisture 
level. Tbe number of barren plants were recorded for each 
plot; Ana for any plants that produced more than one ear, the 
ears were kept together during the drying process. The sec­
ond ears from the two eared plants were included in the meas­
urement of grain yield, shelling percentage, 300-kemel 
weight, and ear length but not in the measurement of ear and 
cob diameter. Length of the ear, measured as the length of 
the cob, aM ear diameter and cob diameter, in the approximate 
center of the ear were measured in centimeters. The differ­
ence between ear diameter and cob diameter was calculated in 
millimeters as the depth of the kernel. Ear weight and 
shelled grain weight were determined in grams from the bulk 
of the ears from each plot; the ratio between grain weight 
and ear weight was recorded as shelling percentage. The 
wei^ t to the nearest decigram of 300 randomly selected ker­
nels taken from the bulked seed from each plot was used as a 
measure of seed weight. 
All attributes except shelling percentage and 300-kernel 
weight were placed on a per plant basis. Only the plants 
TAtiich produced at least one ear were considered for the ear 
attributes but all the plants in the plot were considered for 
grain yield. 
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Statistical Analysis 
Data taken for each of the characters stuoLied "was ana­
lyzed. according to the standard procedure for the split-split-
plot design with nAiole plots in a randomized block. The 
model is as follows: 
i^jklm = + + (AT)^  ^ i^jk + ^ l + &jkl 
Where: = Overall mean. 
I^ .= Beplication effect; i = 1, 2, 3. 
Aj = Population level effect; j = 1, 2. 
= Progeny type effect; k = 1, 2. 
(AT)j^  = Population level x progeny type inter­
action. 
ijk = IShole plot error (error a) 
= Sets/nôiole plots effect 1 = 1,....4. 
- Subplot error (error b) 
(P/S)jj^ 2 ~ Progenies within sets effect m = 1,...31. 
i^jklm ~ Sub-subplot error (error c) 
The assumptions for the model would be: 
îij),- H(0,«2), «(yki~H(0,»|), - "(O'-e) 
The sources of variation, degrees of freedom, and expect­
ed mean squares for the analysis of variance are presented in 
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Table 1. The calculation of the expected mean squares was 
made considering population levels, progeny types, and sets 
as fixed factors and progenies within sets as random. 
In order to obtain a direct test for the interaction of 
each type of progeny with population levels and locations, 
each progeny type was analyzed separately as indicated in the 
analysis of variance presented in Table 2 for a single loca­
tion and in Table 3 for the combined data from all locations. 
For the calculations, of the expected mean squares, population 
levels and sets were-considered fixed factors and locations 
and progenies within sets were considered random. The F test 
for the"different factors and interactions between them were 
made according to the expected mean squares. "When the ? test 
could not be made directly it was made following the addition 
procedure as outlined by Snedecor (19$6, p. 361). To test 
the significance of the 5* values calculated, the approximate 
degrees of freedom in each case were obtained by the 
Satterthwaite method as indicated by Snedecor (1956, p. 362). 
The data from each location and also the pooled data 
from all locations were used to calculate both phenotypic and 
genotypic correlations of the following type: 
1) a character in one progeny type-plant popula­
tion combination with the same character in 
the other three progeny type-plant population 
combina tions 
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Table 1. Sources of variance, degrees of freedom and ezpected 
mean squares for the "wfoole analysis of variance at 
one location. 
Source of Variation d.f. Ezpected Mean Squares 
Beplications 2 
Population levels (A) 1 «2 + (p/s) cî| + 8(p/s) cs|- + rst 
°(P/S)A i-stCp/s) K| 
Progeny types (T) 1 .2 + (p/s) Og + S(p/S) C5| + rsa 
"(P/S)! * 
A z T 1 .2 -r (p/s) cj| + s(p/s) c3^  + rs 
"(P/SjAT * 
Error "a" 6 =>2 + (p/s) dg + s(p/s) 
Sets (s) 3 <,2 + (p/s) d| + rta(p/s) Kg 
S z A 3 .2 (p/s) d| + rt(p/s) k|^  
S z T 3 .2 + (p/s) d| + ra(p/s) K|y 
S z A z T 3 = 2 (p/s) d| r(p/s) 
Error "b" 24 .2 + (p/s) d| 
Progenies/Sets (P/S) 120 .2 + 2 rsta d -pyg 
P/S z A 120 «2 + rst d^ yg)^  
P/S z T 120 «2 + rsa C(p/g)T 
P/S z A z T 120 .2 + rs 0(p/8)^ T 
Error "c" 960 .2 
Total 1487 
s = sets; r = replications ; p/s = progenies within sets; 
a = population levels; t = progeny types 
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Table 2. Analysis of variance for each type of progeny at the 
two population levels at one location. 
Source of variance d.f Expected Mean Squares 
Beplications 2 
Population levels (A) 1 0^  + (p/s) c?! + 8(p/s) d| + rs 
"(P/SjA + rs(p/s) k| 
Error "a" 2 cs^  + (p/s) c?! + s(p/s) d| 
Sets (s) 3 C3^  + (p/s) dg + ra(p/s) Kg 
S X A 3 cs^  + (p/s) o| + r(p/s) k|^  
Error "b" 12 + (p/s) d| 
Progenies/Sets (P/S) 120 2 2 d^  + rsa dpyg 
(P/S) X A 120 d^  + rs 0(p/s)A 
Error "c" 480 d2 
Total 743 
s = sets; r = replications; p/s = progenies within sets; 
a = population levels 
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Table 3. Oombined analysis of variance of the pooled data 
from all locations of each type of progeny at the 
two population levels. 
Source of Variation d.f Expected Mean Squares 
Locations (L) 2 
Beplications/Locations 6 
Population levels (A) 1 
L X A 
Error f t  
Sets (s) 
S X L 
S X A 
S X L X A 
Error "b" 
Progenies/Sets (P/S) 
(P/S) X L 
(P/S) X A 
(P/S) X L X A 
Error "c" 
Total 
6 
3 
6 
3 
6 
36 
120 
240 
120 
240 
1440 
2231 
 ^+ (p/s) dg + s(p/s) 0$ + rsl ¥ 
 ^(P/S) A s^(p/s) <3£^  + rsl (p/s) 
4 
+ (p/s) Og + s (p/s) + rs 
"h/SjIA * i-s(P/s) "li 
0^  + (p/s) Og + s (p/s) 
0^  + (p/s) Og + ra(p/s) + rla 
(p/s) Eg 
cs^  + (p/s) Og + ra(p/s) 
+ (p/s) Og + r(p/s) •*" 
(p/s) 
c5^  + (p/s) Og + r(p/s) 
+ (p/s) Og 
,2 + rsa a^ p/8)L + rsal 
,2 + rsa 
+ rs 0(p/g)L& + rsl «(p/s)A 
+ rs <^ (p/s)la 
s = sets; r = replications; p/s = progenies/sets; a = popula­
tion levels; 1 = locations 
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2) a character in each progeny type-plant popula­
tion combination with the other characters in 
the same progeny type-plant population combina­
tion 
3) a character in one progeny type-plant population 
combination with a different character in a 
different progeny type-plant population combina­
tion 
The correlations of most interest in the third type were those 
involving yield of the testcrosses and various characters of 
the inbred lines. 
To calculate the genotypic correlations between the 
different characters studied, estmates of genotypic variances 
[Sp^ g(x) and Spyg(y)] and covariances [Sp^ gCxy)] for each 
character and pair of characters respectively, were obtained 
from the analysis of variance and covariance of each progeny 
type at each population level as indicated by the analysis 
presented in Table 4. 
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Table 4. IndivicLual analysis for a given progeny type at a 
given population level used for the estimation of 
genotypic and phenotypic variances and covariances. 
Source of Variation d.f m.s Expected Mean Squares 
Sets s-1 
Replications/sets s(r-l) 
Progenies/sets s(p-l) 
Error s(p-l)(r-1) % 
s = sets; r = replications; p = progenies within sets; 
? p 
c3g = error variance; = variance among progenies within 
sets 
The estimates of the variance and covariance components 
for progenies within sets, were obtained as follows: 
^2, _ s2, _ Mp - Ml 
c5p/S - ^ p/s - -2__—L 
Therefore the genotypic correlation coefficients were 
calculated by the following formula: 
r_(xy)  =  
N 
The estimates of phenotypic variances and covariances 
among the progenies within sets for each character and pair of 
characters are respectively [s|(x) + Sp^ g(x)], 
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[Sg(y) + Spyg(y)] , and [ Sg(zy) + Spyg(xy)] . Therefore, the 
phenotypic correlation coefficients were calculated using the 
following f'" "ula : 
r xy = S^(xy) + &p/g(zy) 
|[Sg(x) + rs|/g(2)] • [s|(y) + rSp/g(y)] 
The equation for the estimates of genotypic correlation 
coefficients used in the case of the ccmbined analysis is the 
same as that used in the case of a single location. The vari­
ance of each character and covariance of each pair of charac­
ters were obtained from the combined analysis of variance and 
covariance as indicated by the portion of the combined analy­
sis presented in Table 5« 
Table 5. Portion-af the combined analysis over the three 
locations for a given progeny at a given population 
level, used for the estimation of genotypic and 
phenotypic variances and covariances. 
Source of Variation d.f m.s. Expected Mean 
Squares 
Progenies/sets s(p-l) 
+ r lo p /q 
2 2 
Progenies/sets x locations s(p-l)(l-l) Mg e^ ^^ P/S 
Error sl(p-l)(r-l) 
s = sets; r = replications; p = progenies within sets; 
2 2 Og = error variance; Opyg si = variance of the interaction 
progenies/sets x locations; o^ yg = variance among progenies 
WitTri n sets 
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The estimates of the variance components for progenies 
within sets were calculated as follows: 
The eq.uation for the estimates of phenotypic correlation 
coefficients in the case of the combined analysis was as 
follows : 
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IXEEBIMEimL SESULTS 
Mean values ana the estimates of genetic components of 
variance due to the differences among progenies "within sets 
for the various characters studied in each of the three loca­
tions at each population level are presented for both progeny 
types in Tables 6 through 8. Data on plant height for the 
testcross progenies at the hi^  population level were not re­
corded at Kana^ ûia due to a very high percentage of root lodg­
ing. Data on number of plants -with two ears is not presented 
since a very low frequency of two-eared plants was found in 
all three experiments. In general the mean of all characters 
measured was higher at the low population level than at the 
high population level in both types of progenies; and the test-
cross progenies had the highest mean values for all characters 
studied. In all cases inbred progenies x>er se had wider 
ranges than testcross progenies for all characters studied. 
The estimates of genetic components of variance for each 
character at each population level and progeny type had the 
same trend as the range, and the progenies at the low popula­
tion level had the large variances in the self progenies x>er 
se as well as in the testcross progenies. 
Mean squares obtained from the analysis of variance of 
the data from individual locations are presented in Table 9 
for all characters studied. The differences between popula­
tion levels were significantly different from zero at the 0.01 
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Table 6. Means per plant of all characters studied at the 
three locations. 
Lines ] oe(r se Testcrosses 
Character and Location 
Low 
Stand Stand 
Low 
Stand 
High 
Stand 
Plant Height (cm) Kananuha 
Ames 
Ankeny 
170.5 
169.9 
169.1 
163.7 
208.0 
219.0 
210.1 
223.4 
Ear Length (cm) KananAia 
imes 
Ankeny 
17.2 
16.7 
17.0 
14.5 
14.8 
15.0 
19.6 
18.4 
19.7 
16.5 
15.6 
16.4 
Bar Diameter (cm) KanaiAia 
Ames 
Ankeny 
4.1 
4.2 
4.2 
4.0 
4.0 
4.0 
4.8 
4.5 
4.7 
4.3 
4.2 
4.3 
Kernel Depth (mm) Kanavha 
Ames 
Ankeny 
13.8 
14.7 
14.0 
12.6 
13.3 
13.2 
18.0 
17.2 
17.9 
15.7 
15.2 
16.1 
Grain Yield (gn) Kanawha 
Ames 
Ankeny 
90.0 
106.2 
104.7 
67.1 
79.4 
81.7 
172.2 
165.6 
181.1 
107.8 
113.1 
121.2 
Shelling % Kanaiftia 
Ames 
Ankeny 77.8 
75.4 
77.6 
77.7 
81.7 
82.7 
83.1 
80.3 
82.1 
81.9 
300-Kernel Weight (gm) Kanairtia 
Aones 
Ahkeny 
65.5 
71.2 
74.9 
64.4 
67.0 
71.7 
79.6 71.2 
74.1 
75.3 
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Table 7« Bange of all dharacters studied in the different 
evaluation procedures at the three locations. 
Character and Location Stand 
Testcrosses 
Low High 
stand Stand 
Plant Height (can) 
Ear Length (cm) 
Ear Diameter (cm) 
Kernel Depth (mm) 
Grain Yield (gm) 
Shelling % 
300-Kernel Weight 
Kanaiftia 89.4 89.6 51.4 31.5 
imes 83.9 83.0 56.7 46.0 
Ankeny 74.0 86.0 51.9 54.5 
Combined 82.4 86.2 53.3 44.0 
Kana^ flia 12.6 7.9 6.9 7.2 
Anes 10.5 10.6 7.2 5.8 
Ankeny 11.3 11.3 0.2 5.9 
Combined 11.4 10.0 6.8 0.3 
Kanaiâia 1.9 1.8 0.8 0.6 
Ames 1.5 1.3 0.9 0.9 
Ankeny 1.5 1.4 0.9 0.8 
Combined 1.6 1.5 0.9 0.8 
Kanantiia 11.7 7.7 8.6 6.0 
Ames 10.0 11.0 7.0 7.6 
Ankeny 10.5 8.3 6.6 4.1 
Ocanbined 10.7 9.0 7.4 5.9 
Kanawha 140.3 105.5 77.4 88.1 
Ames 119.0 123.2 78.8 55.1 
Ankeny 138.5 125.3 62.3 77.6 
Combined 124.2 107.2 68.5 62.8 
Kanawha 38.2 21.1 8.7 12.7 
Ames 19.0 21.6 9.8 10.9 
Ankeny 20.7 21.5 13.3 9.1 
Combined 26.0 21.4 10.o 10.9 
(gm) Kanaiôia $6.1 34.7 29.1 34.7 
Anes 52.3 54.5 28.9 28.2 
Ankeny 63.5 52.6 28.7 33.4 
Combined 57.3 47.3 28.9 32.1 
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Table 8, Oomponents of genetic variance among progenies •sith-
in sets for the different characters studied, at the 
three locations. 
T.inftg RA Testcrosses 
IJOW iugn Low High 
Character and Location Stand Stand Stand Stand 
Plant Height (cm) 
Ear Length (cm) 
Ear Diameter (cm) 
Kernel Depth (mm) 
Grain Yield (gm) 
Shelling % 
Kanairiia 
Mes 
Anlceny 
Oomhined 
Kana^ faa 
Mes 
Ankeny 
Combined 
EanaiAa 
Ames 
Ankeny 
Combined 
Kanawha 
Ames 
Ankeny 
Combined 
Kanaifea 
Ames 
Ankeny 
Combined 
KanaiAia 
Ames 
Ankeny 
Combined 
300-Kernel Weight (gm) Kanaiiha 
Ames 
Ankeny 
Craabined 
216.32 
231.53 
249.11 
133.65 
5.15 
4.28 
5.41 
4.78 
0.66 
0.06 
0.07 
0.06 
2.39 
2.95 
2.42 
2.15 
460.98 
551.25 
15.44 
12.59 
15.54 
13.85 
74.43 
108.68 
113.79 
92.53 
182.26 
181.85 
207.85 
170.34 
3.23 
1.30 
3.02 
2.50 
0.01 
0.05 
0.04 
0.04 
1.37 
ife 
1.75 
317.46 
431.81 
441.14 
347.35 
2.11 
17.02 
17.20 
16.30 
22.76 
83.17 
56.72 
78.82 
90.22 
57.54 
79.94 
0.55 
0.83 
0.84 
0.73 
0.81 
0.74 
0.71 
0.32 
0.01 
0.01 
0.02 
0.01 
0.007 
0.012 
0.004 
0.01 
1.36 
0.88 
1.20 
0.96 
0.16 
0.55 
0.06 
0.77 
43.43 
132.23 
130.46 
91.75 
103.25 
55.22 
100.87 
84.82 
2.11 
2.24 
1.97 
2.03 
3.55 
2.78 
2\55 
22.76 
27.11 
30.24 
14.01 
19.00 
25.14 
33.95 
22.54 
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Table 9. Individual location mean squares from the analysis 
of variance of the data from both population levels 
and both progeny types. 
Character and 
Source of Variation KanavÈia 
Mean Squares 
Ames Ankeny 
Plant Height 
Population levels (A) 
Progeny Types (T) 
A X T 
"Whole plot error 
Progenies/sets (P/S) 
P/S X A 
P/S X T 
P/S X A X T 
Error 
0.7. 
36.60 698.52 
573572.32** 1197147.04** 
1151.74 
5809.20 
1435.95** 
82.41 
76.39 
4.61 
3373.93 
1180.36 
1644.10** 
84.96 
368.80** 
68.32 
71.11 
4.37 
Ear Length 
Population levels (A) 
Progeny types (T) 
A X T 
Ihole plot error 
Progenies/sets (P/S) 
P/S X A 
P/S X 
P/S X 
Error 
T 
A X T 
3044.95** 
1657.77** 
05.67* 
4.58 
23.10** 
2.76 
10.51** 
3.11 
2.64 
2131.65** 
563.88** 
87.38 
5.47 
24.83** 
7.37 
12.00** 
7.47 
7.54 
2698.90** 
1539.64** 
137.42** 
8.28 
24.75** 
3.48 
10.30** 
3-7% 
3.08 
o.v. 9.5 16.7 6.4 
Ear Diameter 
Population levels (A) 28.38** 26.69** 32.64** 
Progeny types (T) 79.11** 24.85** 63.34** 
A X T 2.56* 0.93 5.41* 
Ihole plot error 0.24 0.I8 0.64 
Progenies/sets (P/S) O.38** O.36** 0.39** 
P/S X A 0.07 0.09** 0.09 
P/S X T 0.13** 0.13** 0.16** 
P/S X A X T 0.05 0.07 0.10 
Error O.Ob 0.06 O.O9 
0.7. 5.9 5.6 6.8 
* Significant at the level of probability, 
** Significant at the 1% level of probability. 
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Table 9» (Oontinued). 
Character and. 
Source of Variation EanavÉïa 
Mean Squares 
Ames Ankeny 
Kernel depth 
Population levels (A) 
Progeny types (T) 
A 2 T 
Whole plot error 
Progenies/sets (P/S) 
P/S X A 
P/S X T 
P/S X A 
Error 
X T 
1072.01** 
5765.47** 
23.00 
62.35 
31.08** 
14^ 93 
15!9^  
15.57 
1073.70** 
i860.80** 
31.35** 
40.98 
20.36** 
3.79 
6.45** 
3.48 
3.76 
636.24** 
4271.11** 
116.86* 
14.87 
16.57** 
4.06 
7.67** 
5.92 
4.83 
o.v. 26.3 12.8 14.3 
Grain Yield 
Population levels (A) 71984O 
Progeny types (T) 1391855 
A x"T 154845 
Whole plot error 4599 
Progenies/sets (P/S) 2180 
P/S X A 398 
P/S X T 1262 
P/S X A X T 423 
Error 364 
.31** 621259.75** 
.99** 848510.00** 
.12** 50343.99 
.84 2096.69 
2736.67** 
.75 317.32* 
.89** 1177.99** 
.45 266.80 
.74 246.42 
639915.69** 
1244527.00** 
124576.37** 
2438.85 
2566.50** 
347.29* 
1534.43** 
248.30 
264.06 
0.7. 17.5 10.0 13.3 
Shelling % 
Population levels (A) 266.74 209.55** 405.52** 
Progeny type (T) 9192.29** 7024.38** 9076.40** 
A X T 2.77 17.50** 12.10 
"Whole plot error 51.03 11.55 14.97 
Progenies/sets (P/S) 100.74** 82.73** 81.78** 
P/SxA 11.72 5.93* 3.63 
P/S X T 38.54** 27.64** 35.94** 
P/S X A X T 13.31 6.02* 3.77 
Error 13.42 4.63 3-79 
O.V. 4.7 2.7 2.4 
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Table 9. (Gontimeâ.). 
Oîiaracter and 
Source of Variation Kanawha 
Mean Squares 
Imes Ankeny 
300 Kernel Weight 
Population levels (A) 
Progeny types (T) 
A X T 
"Whole plot error 
Progenies/sets (P/S) 
P/S X A 
P/S X T 
P/S X A X 
Error 
T 
8249.03** 
40804.41** 
4523.84** 
190.32 
470.59** 
34.72 
127.14** 
24.52 
31.74 
9669.66** 
23584.65** 
257.83 
723.82 
600.30** 
42.22** 
152.50** 
43.71** 
26.57 
11824 
12010 
1617 
301 
720 
37 
202 
37 
33 
.97** 
.54*^  
•ir 
.36** 
.04 
.16 
O.Y. 8.0 7.0 7.6 
level of probability for all characters except shelling percent­
age in the experiment at Kanawha. The differences between prog­
eny types were significant at the 0.01 level of probability for 
all the characters studied. The interaction population levels 
X progeny types was nonsignificant for the characters kernel 
depth and shelling percentage in the experiment at KanavOia; 
for plant height, ear length, ear diameter, grain yield, and 
300-kemel weight in the experiment at Ames; and for plant 
height, shelling percentage, and 300-kernel weight in the ex­
periment at Ankeny. The differences among progenies within 
sets as well as the interaction progenies within sets x prog­
eny types were highly significant for all the characters stud­
ied at the three locations except for the character kernel 
depth in the experiment at KanavAia, where the interaction was 
nonsignificant. The interaction progenies within sets x 
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population levels was highly significant for 300-kernel wei^ t 
in the experiment at Ames, significant for grain yield in the 
experiments at Ames and at Ahkeny and for shelling percentage 
in the experiment at Ames, and nonsignificant in all other 
cases. Hie second order interaction progenies within sets x 
population levels x progeny types was highly significant and 
significant in the experiment at Ames for 300-kernel weight 
and shelling percentage, respectively, and nonsignificant in 
all other cases. 
A portion of the separate analysis of variance for each 
progeny type at the two population levels is presented for the 
three locations in Tables 10 and 11. In the inbred progenies 
per se the differences between population levels were highly 
significant for the characters ear length, ear diameter, and 
grain yield in the experiment at Kana^ Aia ; for ear diameter and 
grain yield in the experiment at Ames; and for ear length, 
grain yield, and shelling percentage in the experiment at 
Ankeny. jDifferences were significant at the 0,05 level of 
probability for the characters shelling percentage at Anes 
and 300-kernel weight at Ankeny. Highly significant differ­
ences were obtained among the progenies within sets for all 
characters studied in the three experiments. The interaction 
progenies within sets x population levels was highly signifi­
cant for the characters ear length and grain yield in the ex­
periment at Kanav&ia. In the experiment at Ames this interac-
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Table 10. Individual location mean squares from the analysis 
of variance of the data from both population levels 
for the 82 progenies x>er se. 
Character 
Source of Variation Kanavâaa 
Mean Squares 
Ames Ahkeny 
Plant height 
Population levels (A) 
Wiole plot error 
Progenies/sets (P/S) 
P/S X A 
Error 
C.V. 
388.89 
770.32 
1298.66** 
97.00* 
73.73 
5.22 
500.97 
334.28 
1429.13** 
72.49 
65.35 
4.9 
Ear Length 
Population levels (A) 
Whole plot error 
Progenies/sets (P/S) 
P/S x A 
Error 
C.V. 
1108.13** 
0.06 
27.15* 
4.07** 
2.96 
10.8 
677.93 
5.12 
30.53** 
12.73 
13.17 
23.00 
809.15** 
1.50 
28.38** 
4.19 
3.64 
17.3 
Ear Diameter 
Population levels (A) 
Whole plot error 
Progenies/sets (P/S) 
P/S X A 
Error 
C.V. 
6.93** 
0.12 
0.39** 
0.07 
0.07 
6.6 
8.82** 
0.17 
3.70** 
0.09** 
0.06 
6.1 
0.86 
0.40** 
0.13* 
0.10 
7.6 
Kernel Depth 
Population levels (A) 390.40 
Whole plot error 80.06 
Progenies/sets (P/S) 16.95** 
P/S X A 4.43 
Error 4.99 
C.V. 16.9 
369.05 
100.55 
19.69** 
3.12 
4.09 
14.5 
103.87 
25.07 
15.96** 
6.51* 
4.97 
16.4 
* Significant at the 5% level of probability. 
** Significant at the 1% level of probability. 
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Ta ble 10. ( Continued. ). 
Character 
Source of Variation Kana"wiia 
Mean Sg_uares 
Ames Ankeny 
Grain Yield 
Population levels (A) 103481.06** 
"Whole plot error 
Progenies/sets (P/S) 
P/S z A 
Error 
C.V. 
1471.75 
2506.43** 
321.69** 
238.88 
19.6 
158950.31** 
28.75 
3177.20** 
281.04 
238.40 
16.6 
99901.56** 
3552.^ 7 
3213.85** 
321.84** 
295.63 
18.4 
Shelling % 
Population levels (A) 107.57 174.10* 138.75** 
"Whole plot error 137.43 13.19 O.69 
Progenies/sets (P/S) 106.20** 95.43** 104.14** 
P/8 z A 7.98 8.85** 5.91 
Error 9.88 6.55 5.91 
C.V. 4.1 3.3 2.9 
300-Kernel Weight 
Population levels (A) 277.65 3384.76 2347.62* 
"Whole plot error 06.60 1299.30 119.96 
Progenies/sets (P/S) 440.22** 576.33** 708.33** 
P/S X A 26.87 49.74** 34.23 
Error 26.36 27.25 35.04 
C.V. 7.9 7.1 8.1 
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Table 11. In&ivi&ual location mean squares from the analysis 
of variance of the data from both population levels 
for the testcross progenies. 
Character 
Source of Variation Kanawha 
Mean Squares 
Ames Ankeny 
Plant Sei^ it 
Population levels (A) 
Whole plot error 
Progenies/sets (P/S ) 
P/S z A 
Error 
G.V. 
,799.43 
16321.31 
493.91** 
80.26 
4.3 
3571.60 
362.06 
583.78** 
80.78 
77.04 
3.9 
Ear Length 
Population levels (A) 
Ihole plot error 
Progenies/sets (P/S) 
P/S X A 
Error 
0.7. 
2002.49** 
12.47 
6.47** 
1.80 
2.29 
8.4 
1541.13** 
4.01 
6.48"** 
1.98 
1.87 
8.0 
2027.17** 
1.72 
6.67** 
3.04 
2.53 
8.9 
Ear Diameter 
Population levels (A) 24.03* 
"Whole plot error 0.48 
Progenies/sets (P/S) 0.12** 
P/S X A 0.05 
Error 0.06 
o.v. 5.2 
18.81** 
0.14 
0.12** 
0.06 
0.05 
5.1 
32.33** 
0.22 
0.15** 
0.07 
0.08 
Kernel Depth 
Population levels (A) 704.53* 
Whole plot error 66.02 
Progenies/sets (P/S) 30.52 
P/S z A 26.44 
Error 26.15 
o.v. 30.4 
736.02** 
11.33 
7.24** 
3.97 
3.46 
11.5 
649.23** 
0.54 
8.27** 
4.07 
4.69 
13.1 
* Significant at the 5% level of probability. 
** Significant at the 1% level of probability. 
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Table 11. (Continued). 
Oharaoter 
Source of Variation Kanawha Ames Ankeny 
G-rain Yield 
Population levels (A) 771205.81* 
Whole plot error 8464.22 
Progenies/sets (P/S) 937.11** 
P/S z A 500.51 
Error 491.29 
512654.69** 664590,26** 
3569.30 
804.19** 
275.54 
258.68 
3504.67 
887.10** 
273.75 
233.43 
C.V. 15.8 8.5 10.1 
Shelling % 
Population levels (A) l6l.93* 52.46 278.87 
Iwhole plot error 13.89 16.63 37.57 
Progenies/sets (P/S) 33*08** 17.69** 13.58** 
P/S z A 17.05 2.98 1.49 
Error 16.96 2.82 1.68 
0.7. 5.1 2.0 2.0 
300-Eernel Weight 
Population levels (A) 12495.22** 6542.67* 11095.03 
Whole plot error 187.09 312.66 702.01 
Progenies/sets (P/S) 157.51* 172.54** 214.78** 
P/8zA 32.37 36.02** 40.46* 
Error 37.17 25.88 31.33 
C.V. 8.1 3.3 7.1 
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tion was highly significant for ear diameter, shelling percent­
age, and jOO-kernel wei^ t and significant for plant hei^ t. 
In the experiment at Ankeny this interaction was significant 
at the 0.05 level of probability for ear diameter and kernel 
depth. In the testcross progenies, all differences between 
population levels were significant at either the 0.01 or 0.05 
probability level for all characters except for plant height 
and shelling percentage at both Anes and Ankeny and 300-kernel 
weight at Ankeny. The differences among progenies within sets 
were highly significant in all cases except for kernel depth 
in the experiment at Kanawha. The interaction progenies within 
sets X population levels was significant only for the character 
300-kernel weight in the experiments at Ames and at Ankeny. 
A portion of the combined analysis of variance for each 
progeny type over the three locations is given in Table 12 for 
all characters studied. The assumption of homogeneity of error 
variance for the three locations was not valid according to 
Bartlett's test of homogeneity of variance as given by Snedecor 
(1956, p. 285) for all the characters studied. %is heteroge­
neity of the error variance would bias upwards the estimates of 
the variance components from the combined analysis. As a re­
sult significance of the F test will be obtained more frequent­
ly than should be the case. Differences between population 
levels and among progenies within sets were highly significant 
for all characters studied in both types of progenies except 
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Table 12. Portion of the combined analysis of variance over 
the three locations and mean squares for each type 
of progeny for all the characters studied. 
Character 
Source of Variation 
Mean Squares 
Lines Der Se Testcrosses 
Plant Height 
Population levels (A) 
Locations (L) z A 
"Whole plot error 
Progenies/sets (P/S) 
P/S z L 
P/S X A 
P/S X L X A 
Error 
Ear Length 
Population levels (A) 
Locations (L) x A 
"Whole plot error 
Progenies/sets (P/S) 
P/S X L 
P/S K A 
P/S X L X A 
Error 
Ear Diameter 
Population levels (A) 
Location (L) x A 
"Whole plot error 
Progenies/sets (P/S) 
P/S X L 
P/S X A 
P/S X L X A 
Error 
1373.65** 
2.11 
739.28 
3606.92** 
179.78** 
92.08 
83.29 
79.28 
2567.95** 
13.64 
2.23 
70.32** 
7.77 
9.04** 
6.04 
6.60 
21.31** 
0.08 
0.38 
0.96** 
0.10** 
0.08 
0.09 
0.08 
5549.61** 
10.58 
6.07 
14.69** 
2.46 
2.63 
2.10 
2.23 
74.25** 
0.46 
0.28 
0.29** 
0.05 
0.08* 
0.05 
0.06 
Kernel Depth 
Population levels (A) 
Locations (L) x A 
"Whole plot error 
Progenies/sets (P/S) 
P/S X L 
P/S X A 
P/S X L X A 
Error 
805.67** 
28.86 
68.56 
41.31** 
5.58* 
4.35 
4.94 
4.67 
2088.38** 
0.70 
25.96 
24.59** 
10.72 
12.63 
10.92 
11.43 
* Significant at the 5% level of probability. 
** Significant at the 1% level of probability. 
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Ta ble 12. (Oontinued) 
Gliaracter 
Source of Variation. 
Mean Squares 
Lines 3er Se Testcrosses 
Grain Yield 
Population levels (A) 
Locations (L) x A 
Wbole plot error 
Progenies/sets (P/S) 
P/S X L 
P/S X A 
P/S X L X A 
Error 
Shelling % 
Population levels (A) 
Locations (L) x A 
Ihole plot error 
Progenies/sets (P/S) 
P/S X L 
P/S X A 
P/S X L X A 
Error 
300-Kernel Weight 
Population levels (A) 
Locations (L) x A 
Whole plot error 
Progenies/sets (P/S) 
P/S X L 
P/S X A 
P/S X L X A 
Error 
358068.34** 
2130.92 
1684.43 
7847.49** 
491.64** 
385.25* 
283.42 
256.14 
416.42** 
1.99 
50.44 
279.59** 
11.71** 
9.95** 
6.44 
- 7.41 
5067.10 
471.46 
201-95 
1605.18** 
61.81** 
50.54** 
29:5^  
1935079.00** 
6685.52 
5179.39 
1796.16** 
416.11** 
489.32** 
280.23 
327.32 
449.02** 
22.37 
22.70 
48,80** 
7.78 
7.23 
7.12 
7.15 
29601.74** 
265.62 
400.59 
466.13** 
39.35* 
35^ 55 
31.44 
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for the character 300-kernel weight in the inbred progenies. 
The interaction population levels x location was nonsignifi­
cant in all cases. In the inbred progenies, the interaction 
progenies within sets x locations was highly significant for 
the characters plant height, ear diameter, grain yield, shell­
ing percentage, and 300-kernel weight and significant for ker­
nel depth. In the testcross progenies, this interaction was 
highly significant only for grain yield and significant only 
for 300-kernel weight. The interaction progenies within sets 
X population levels was highly significant in the inbred prog­
enies for the characters ear length, shelling percentage, and 
300-kernel weight and significant for grain yield. In the 
testcross progenies, this interaction was highly significant 
only for the character grain yield. The second order inter­
action progenies within sets x locations x population levels 
was nonsignificant for all characters studied in both types 
of progenies. 
From the f test of the different interactions in the com­
bined analysis, it was evident that the inbred progenies -per se 
were subjected to a greater interaction with environmental 
factors than were the testcrosses. However, in some cases 
such as grain yield the interactions progenies within sets x 
locations and progenies within sets x population levels were 
significant in both types of progeny. The interaction prog­
enies witiiin sets x population levels was nonsignificant for 
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most of the characters in both types of progenies. Thus, in 
order to have a direct comparison of the magnitude of the 
various interactions for each character, estimates of the com­
ponents of variance for all the first order interactions as 
well as for progenies within sets were calculated in both 
types of progenies and are presented in Table 13. 2ie compo­
nents of variance for both progenies within sets and progenies 
within sets x locations were larger for all characters in the 
inbred progenies "per se than in the testcross progenies. The 
component of variance for the interaction progenies within 
sets X population levels also was larger in the inbred prog­
enies than in the testcrosses except for the characters ear 
diameter, kernel depth, grain yield and BOO-kernel weight. A 
negative component of variance estimate was considered to be 
an estimate of zero. 
Phenotypic and genotypic correlations between the same 
character as expressed in different progeny types and popula­
tion level combinations calculated with the data from each 
location «na with the pooled data from the three locations are 
given in Tables 14 through 17. Phenotypic correlations be­
tween the same character in the inbred lines x>er se at differ­
ent population levels calculated with the pooled data from all 
locations were relatively high, ranging from 0.78? for ear 
length to 0.955 for plant height. Phenotypic correlations be­
tween the same character as expressed in the inbred lines Der 
at low population and in the testcross progenies at the 
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Table 13. Estimates of the components of variance for proge­
nies/sets (P/S) and its different interactions P/S 
X Locations (L), and P/S x population levels (A) 
obtained from the combined analysis of variance for 
each type of progeny and all characters studied at 
the three locations. 
Component of Variance 
Progeny Type Op/g 0p/3 3. l ^ p/s x A 
Plant Height Lines Der se 
Testcrosses 
47.5991 4.1872 0.2443 
Bar Length Lines -per se 
Testcrosses 
0.8686 
0.1698 
0.0487 
0.0098 
0.0832 
0.0148 
Ear Diameter Lines -per se 
Testcrosses 
0.0119 
0.0033 
0.0010 
0.0000 
0.0000 
0.0006 
Kernel Depth Lines T>er se 
Testcrosses 
0.4961 
0.1926 
0.0378 
0.0000 
0.0164 
0.0470 
Grain Yield Lines -per se 
Testcrosses 
102.1646 
19.1673 
9.8125 
3.6997 
2.8386 
5.8188 
Shelling % Lines Tier se 
Testcrosses 
3.8126 
0.5697 
0.1792 
0.0259 
0.0974 
0.0043 
300-Kernel Weight Lines -per se 
Testcrosses 
21.4356 
5.9275 
1.3445 
0.3285 
0.5642 
0.6999 
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Table 14-, Estimates of phenotypio correlation coefficients 
between each of the indicated characters in the in­
bred lines -per se at low population and the same 
character as expressed in the other evaluation 
combinations. 
Lines Der se Testcrosses 
Type of Test, High' Low Sigh 
Character and Location Stand Stand Stand 
Lines T)er se. Low stand 
Plant Height 
Kana#ia 
Ames 
Ankeny 
Combined 
Ear Length 
Kanawha 
Ames 
Ankeny 
Oombined 
Ear Diameter 
KanaTiÈia 
Ames 
Ankeny 
Oombined 
Kernel Depth 
Kanawha 
Ames 
Ankeny 
Oombined 
Grain Yield 
Kana#ia 
Ames 
Ankeny 
Combined 
0.729** 
0.867** 
0.906** 
0.955** 
0.764** 
0.419** 
0.780** 
0.787** 
0.716** 
0.200* 
0.532** 
0.848** 
0.596** 
0.711** 
0.422** 
0.812** 
0.788** 
0.826** 
0.823** 
O.9I6** 
0.362** 
0.424** 
0.400** 
0.551** 
0.536** 
0.436** 
0.353** 
0.586** 
0.501** 
0.481** 
0.337** 
0.625** 
0.167 
0.470* 
0.279** 
0.388** 
0.371** 
0.429** 
0.39%** 
0.468** 
0.315** 
0.317** 
0.361** 
0.504** 
0.187* 
0.412** 
0.281** 
0.319** 
0.275** 
0.308** 
0.192* 
0.320** 
* Significant at the 
** Significant at the 
S% level of probability. 
1% level of probability. 
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Table 14. (Continued). 
Lines T)er se Testcrosses 
Type of Test, tiigb.' Low High. 
Character and Location Stand Stand Stand 
Lines "oer se. Low stand 
Shelling % 
Kanawha 0 .861** 0.620** 0.110** 
Ames 0 .830*^  0.622** 0.592** 
Ankeny 0 ,894^  0.588** 0.540** 
Combined 0 
.933^  0.739** 0.602** 
300-Kernel lifeight 
Kanawha 0 .888^  0.619** 0.450** 
Ames 0 .848** 0.658** 0.614** 
Ankeny 0 .907-)^  ^ 0.603*^  0.572** 
Combined 0 .940** 0.675** 0.658** 
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Table 15. Estimates of phenotjrpic correlation coefficients 
between each of the intiicated traits in the inbred 
lines per se at high population and the same 
character as expressed in the testcrosses. 
Type of Test, 
Character and Location 
Testcrosses 
Low Eigh 
Stand Stand 
Lines per se. High stand 
Ear Length 
Kanaisflia 
Imes 
Anke^  
Combined 
Ear Diameter 
Kanawha 
Ames 
Ankeny 
Gombined 
Kernel Depth 
Kanaiiha 
Anes 
Ankepy 
Combined 
G-rain Yield 
Kanawha 
Ames 
Ankeny 
Combined 
Shelling % 
Kana#ia 
Ames 
Ankeny 
Combined 
0.395** 
0.277** 
0.454** 
0.515** 
0.452** 
0.390** 
0.331** 
0.600** 
0.385** 
0.436** 
0.315** 
0.549** 
0.179* 
0.479** 
0.265** 
0.403** 
0.615** 
0.620** 
0.5%2** 
0.713** 
0.368** 
0,266** 
0.402** 
0.459** 
0.280** 
0.416** 
0.252** 
0.545** 
0.093 
0.404** 
0.094 
0.307** 
0.153 
0.344** 
0.278** 
0.386** 
0.279** 
0.582** 
0.573** 
0.579** 
* Significant at the 0.05 level of probability. 
** Significant at the 0.01 level of probability. 
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Ta ble 15. (0 ontinued) 
Testcrosses 
Type of Test, Low High 
Character and Location Stand Stand 
300-Kernel Weight 
Kana#ia 0.628*^  0.514-*^  
Anes 0,628"^  0,067^  
Ankeny 0.614^  0.586** 
0 ombined 0.715** 0.703** 
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Table 16. Estimates of genotypic correlation coefficients 
between each of the indicated characters in the 
inbred lines Der ^  at low population and the 
same character as expressed in the other evaluation 
combinations. 
Lines "per se Testcrosses 
Type of Test, High ~ Low High 
Characters and Location Stand Stand Stand 
Lines Der se. Low stand 
Plant Height 
Kana#ia 
Ames 
Ankeny 
Oombined 
0.976 
0.973 
0.993 
1.000 
Ear Length 
Kana#ia 
Ames 
Ankeny 
Oombined 
0.923 
1.258 
0.976 
0.955 
0.594 
0.678 
0.605 
0.689 
0.644 
0.994 
0.613 
0.959 
Ear Diameter 
Kanawha 
Ames 
Ankeny 
Oombined 
1.075 
0.822 
0.844 
1.061 
0.977 
0.801 
0.598 
0.718 
0.842 
0.572 
1.055 
0.642 
Kernel Depth 
Kana#ia 
Ames 
Ankeny 
Oombined 
1.067 
1.177 
0.868 
1.038 
1.004 
0.814 
0.627 
0.813 
0.920 
0.900 
0.000 
0.582 
Grain Yield 
Kana#ia 
Ames 
Ankeny 
Combined 
0.957 
0.954 
0.984 
0.985 
0.400 
0.687 
0.396 
0.466 
0.493 
0.536 
0.279 
0.379 
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Table l6. (Oontinued). 
Lines per se Testcrosses 
Type of Test, High Low Eigh 
Oliaracter and. Location Stand Stand Stand 
Lines ver se. Low stand 
Shelling ^  
Kanawha 
Ames 
Aokeny 
Oombined 
1.016 
0.949 
1.001 
0.977 
0.760 
1.040 
0.699 
0.823 
0.829 
1.038 
0.681 
0.775 
300-Kernel "Wei^ t 
Kana#La 
e^s 
Ankeny 
Oombined 
0.146 
0.926 
0.999 
0.960 
0,708 
0.658 
0.748 
0.976 
0.677 
0.684 
0.725 
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Table 17. Estimâtes of genotypic correlation coefficients 
between the indicated characters in the inbred 
lines at high population and the same characters 
as expressed in the testcrosses. 
Testcrosses 
Type of Test, Low High 
Character and Location Stand Stand 
Lines -per se. High stand 
Ear Length 
Kana#ia 
imes 
Ankeny 
Gombined 
0.683 
1.114 
0.730 
0.692 
0.573 
1.116 
0.615 
1.008 
Ear Diameter 
Ka nawha 
Ames 
Ankeny 
Combined 
0.965 
0.644 
0.522 
0.810 
0.846 
0.677 
0.986 
0.770 
Kernel Depth 
KanavÈia 
Ames 
Ankeny 
Combined 
0.816 
0.785 
0.502 
0.772 
1.630 
0.882 
0.000 
0.713 
Grain Yield 
KanavÈia 
Ames 
Ankeny 
Combined 
0.450 
0.687 
0.350 
0.492 
0.502 
0.553 
0.395 
0.467 
Shelling % 
KanavÉïa 
Ames 
Ankeny 
Combined 
0.808 
0.740 
0.681 
0.781 
0.735 
0.725 
0.669 
0.743 
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Table I7. (Oontinued). 
Type of Test, 
Otiaracter and Location 
300-Kernel Weight 
Kanawlia 
Ames 
Ankeny 
Combined 
Testcrosses 
Low High 
Stand Stand 
1.151 
0.776 
0.744 
1.009 
1.157 
0.808 
0.702 
0.773 
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same population level were consistently higher for all charac­
ters except for ear length than those obtained, between the in­
bred lines at low population and. the testcrosses at high popu­
lation. Ehenotypic correlations obtained, between the same 
character as expressed, at low and. high population in the test-
crosses and in the inbred lines at high population level were 
of the same order of magnitude and followed the same pattern 
as that described #ien the characters in the inbred lines at 
low population were considered. In almost all cases the pheno-
typic correlations were significant at the 0.01 level of prob­
ability. Genotypic correlations followed the same pattern as 
that described for phenotypic correlations and in some cases 
they were considerably higher than 1.00. This was caused pri­
marily by a low genotypic variance component for those charac­
ters in the testcrosses at both population levels. 
Phenotypic and genotypic correlations between kernel 
depth and the characters ear diameter, shelling percentage, and 
300-kemel weight and between shelling percentage and the char­
acters ear length, ear diameter, and 300-kemel weight are 
given in Tables 18 and 19. Phenotypic correlations between 
kernel depth and ear diameter and kernel depth and shelling 
percentage were in general consistently high and significant 
at the 0.01 level of probability at the three locations in the 
inbred progenies -per se at both population levels. In the test-
crosses these correlations were more variable from one location 
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Table 18. Estimates of phenotypic correlation coefficients 
between different characters within each progeny 
type-plant population combination. 
Lines vef se T^ gtçyog^ QS 
Low High Low High 
Characters and Locations Stand Stand Stand Stand 
Kernel Depth and Bar 
Diameter 
Kanavdia 0.658** 0.60?** 
Ames 0.647** 0.764** 
Ankeny 0.715** 0.562** 
Combined 0.683** 0.922** 
Kernel Depth and 
Shelling % 
KanaTAa 0.438** 0.426** 
Ames 0.451** 0.527** 
Ankeny 0.511** 0.493** 
Combined 0.555** 0.499** 
Kernel Depth and 
300-Kernel Weight 
Kanaiôia 0.035 0.213* 
Ames 0.234** 0.187* 
Ankeny 0.200* 0.085 
Combined 0.187* 0.120 
Shelling % and Ear 
Length 
Kanaitiia 0.050 0.046 
Ames 0.168 0.338** 
Ankeny 0.128 O.181* 
Combined 0.121 0.045 
Shelling % aM Bar 
Diameter 
Kanaiftia O.O69 0.094 
Ames -0.029 0.276* 
Ankeny 0.198* 0.164 
Combined 0,0o5 -0.133 
0.228* 0.342** 
0.640** 0.661** 
0.656** 0.657** 
0.695** 0.520** 
0.366** 0.126 
0.379** 0.314** 
0.390** 0.251** 
0.575** 0.193* 
0.133 0.228* 
0.054 0.344** 
0.399** 0.328** 
0.189* 0.438** 
-0.025 
0.121 
0.072 
0.191* 
0.132 
0.144 
0.059 
0.201* 
0.240** 
•0.075 
0.079 
•0.068 
0.467** 
0.008 
0.146 
0.111 
* Significant at the 0.05 level of probability. 
** Significant at the 0.01 level of probability. 
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Table l8. (Continued). 
Linfts -p^ y Testcrosses 
Low Eigb Low High 
Otiaracters and Locations Stand Stand Stand Stand 
Shelling % and 300-: 
Weight 
Kanaitiia 
e^s 
Ahkeny 
Oomhined 
0.037 0.097 
0.059 -0.025 
-0.035 -0.002 
0.027 -0.029 
0.064 0.320** 
0.042 -0.018 
-0.055 0.059 
0.007 0.014 
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Table 19. Estimates of genotypic correlation coefficients 
between different characters within each progeny 
type-plant population ccanbi nation, 
s.g Testcrosses 
Low Hi^  Low High 
Characters Locations Stand Stand Stand Stand 
Kernel Depth and Bar 
Diameter 
KaDRWba 0.662 O.398 O.86I 0,405 
Ames 0.665 0,831 0,383 0.625 
Ankeny 0,732 0,825 0,196 1,170 
Oombined 0,696 0,693 0.728 0,870 
Kernel Depth and 
Shelling % 
Kanaitoa O.518 0.715 0.548 0.391 
Ames 0.551 0.663 0.213 0.607 
Ankeny O.632 0,712 0,509 0.108 
Oombined O.626 O.613 0.648 0.378 
Kernel Depth and 
300-Kernel Weight 
Kanaitiia 0.045 0.239 0.121 O.368 
Ames - 0.255 0.238 0.088 0.614 
Ankeny 0.297 0.110 0.177 0.182 
Oombined O.I88 O.I6O 0.222 O.389 
Shelling % and Ear 
Length 
KananAa 0.010 0.027 0.020 0.219 
Ames 0.199 0.179 0.191 0.172 
Ankeny 0.127 0.17» 0.083 0.258 
Oombined 0.126 O.O36 O.230 -0.265 
Shelling % and Ear 
Diameter 
Kanav±ia O.OO8 0.048 0.205 0.349 
Ames -0.009 0.283 0.153 -0.105 
Ankeny 0.203 0.177 0.057 0.258 
Combined O.O81 O.151 0.219 O.IO8 
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Table 19. (Oontinued), 
Lines ver se Testcrosses 
Low High. Low High 
Oharacters «na Locations Stand Stand Stand Stand 
Shelling % and 300-Kernel 
Weight 
KanaTiôia 0.040 
Anes 0.088 
Ankeny -0.031 
Ocaabined 0.028 
0.106 0.060 0.717 
-0.004 0.041 -0.059 
-0.021 -0.059 0.065 
-0.055 0.002 -0.037 
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to another at both population levels. Phenotypic correlations 
between shelling percentage and the characters ear length, ear 
diameter, and 300-kernel weight were consistently very low in 
all cases and in general nonsignificant. Phenotypic correla­
tions calculated with the pooled data from all locations were 
very similar to those obtained with the individual data from 
each location. Genotypic correlations followed a similar 
pattern as that described for the phenotypic correlations. 
Phenotypic and genotypic correlations between each of the 
characters measured and grain yield calculated in each progeny 
type and population level combination obtained with the data 
frcm each location and with the pooled data from all locations 
are presented in Tables 20 and 21. In the inbred progenies -per 
se phenotypic correlations were in general of a high magnitude 
and significant at the 0.01 level of probability except for the 
character 300-kernel weight. There was no definite tendency 
toward higher correlations in either population level as com­
pared with the other vjhen the correlations between all the 
characters and grain yield were calculated. Phenotypic corre­
lation coefficients calculated with the pooled data from the 
three locations were of the same order of magnitude as those 
calculated with the data from each individual location. 
In the testcross progenies, phenotypic correlations be­
tween each character and grain yield were in general lower than 
those obtained in the self progenies x>er se. More inconsistency 
64 
Table 20. Estimates of phenotypic correlation coefficients 
between the characters incLicated and grain yield 
within each progeny type-plant population caabina-
tion. 
Character and Location 
Lines "per se 
I!ôW High 
Stand Stand 
Testcrosses 
Low High 
Stand Stand 
Plant Height 
Kanawha 
j&mes 
Ankeny 
Combined 
Ear Length 
Kanawha 
Ames 
Ankeny 
Combined 
Bar Diameter 
Kanawha 
Ames 
Ankeny 
Combined 
0.278** 0.375** 
0.400** 0.390** 
0.128 0.497** 
0.375** 0.432** 
0.482** 0.512** 
0.630** 0.320** 
0.573** 0.529** 
0.573** 0.494** 
0.446** 
0.163 
0.648** 
0.574** 
0.494** 
0.509** 
0.419** 
0.523** 
0.200* 
0.392** 0.317** 
0.327** 0.415** 
•0.021 0.469** 
0.470** 0.131 
0.343** 0.492** 
0.333** 0.371** 
0.388** 0.359** 
0.466** 0.347** 
0.652*"^  0.546** 
0.517** 0.459** 
Kernel Depth 
Kanawha 
Ames 
Ankeny 
Com^ -' .A 
Shelling % 
Kanawha 
Ames 
Ankeny 
Combined 
0.490** 0.391** 
0.495** 0.496** 
0.641** 0.494** 
0.599** 0.537** 
0.458** 
0.485** 
0.556** 
0.508** 
0.158 
0.656** 
0.624** 
0.608** 
0.328** 0.310** 
0.384** 0.294** 
0.387** 0.270** 
0.482** 0.349** 
0.281** 
0.385** 
0.314** 
0.331** 
0.305** 
0.355** 
0.386** 
0.290** 
* Significant at the 5% level of probability. 
**• Significant at the 1% level of probability. 
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Table 20. (Gontinued). 
Lines Der se Testcrosses 
Low High Low High 
Oharacter «na Location Stand Stand Stand Stand 
300-Kernel Weight 
Kanawha -0.023 0.022 0. 329** 0.137 
Ames 0.212* 0.035 0. 186* 0.207* 
Ankeny 0.091 0.063 0. 271** 0.394* 
Oomhined 0.004 0.051 0. 223* 0.229* 
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Table 21. Estimates of genotypio correlation coefficients 
"between the characters indicated and grain yield 
within each progeny type-plant population combina­
tion. 
Character and Location 
Lines p^ r se 
Low High 
Stand Stand 
Testcrosses 
Low High 
Stand Stand 
Plant Height 
Kanaiûia 
Ames 
Ankeny 
Oombined 
Ear Length 
Kananftia 
Ames 
Ankeny 
Gcmbined 
Ear Diameter 
Kana'wftia 
Ames 
Ankeny 
Oombined 
Kernel Depth 
Kanawha 
Ames 
Ankeny 
Oombined 
Shelling % 
Kanawha 
Ames 
Ankeny 
Combined 
300-Kernel Weight 
KanaiAia 
Ames 
Ankeny 
Oombined 
0.274 
0.428 
0.443 
0.381 
0.486 
0.662 
0.600 
0.981 
0.460 
0.543 
0.725 
0.597 
0.594 
0.569 
0.795 
0,646 
0.453 
0.520 
0.588 
0.490 
•0.013 
0.221 
0.042 
0.004 
0.412 
0.390 
0.529 
0.437 
0.558 
0.745 
0.547 
0.556 
0.616 
0.527 
0.482 
0.569 
0.404 
0.662 
0.683 
0.595 
0.484 
0.677 
0.204 
0.621 
0.020 
0.017 
0.058 
0.003 
0.312 
0.511 
0.399 
0.410 
0.329 
0.503 
0.382 
0.278 
0.128 
0.669 
0.137 
0.614 
0.564 
0.475 
0.447 
0.617 
0.477 
0.405 
0.328 
0.340 
0.494 
0.136 
0.275 
0.256 
0.418 
0.562 
0.407 
0.450 
0.430 
0.619 
0.058 
0.231 
1.256 
0.535 
1.497 
0.392 
0.000 
0.670 
0.653 
0.378 
0.422 
0.317 
0.022 
0.222 
0.487 
0.244 
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in these correlations from one location to another was ob­
served in this type of progeny at both population levels for 
all characters except for kernel depth, Genotypic correla­
tions between the characters studied and grain yield calculat­
ed in each progeny type and population level combination fol­
lowed a similar tendency as that described for the phenotypic 
correlations, and in general they were of a higher magnitude. 
Phenotypic correlations between each character as ex­
pressed in the inbred lines -per se at low population level 
and grain yield of the same lines at high population level, 
aM between each character as expressed in the inbred lines at 
both population levels and their combining ability as measured 
by the grain yield of their testcrosses at both population 
levels are given in Tables 22 through 25- In the first case 
the highest phenotypic correlations were obtained for the 
characters ear length, ear diameter, kernel depth, grain yield, 
and shelling percentage. The lowest correlation was for the 
character 300-kernel weight. Phenotypic correlations between 
each character as measured in the inbred progenies at low pop­
ulation level and their combining ability as measured by grain 
yield of the testcrosses at the same population level were 
relatively high for the characters kernel depth, grain yield, 
and shelling percentage, being 0.377, O.388, and 0.304 re­
spectively from the pooled data. The lowest correlation in 
this case was for the character 300-kernel weight. When 
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Table 22. estimates of phenotypic correlation coefficients 
between each of the indicated characters in the 
inbred lines Der se at low population and grain 
yield in the other evaluation procedures. 
Type of Test, 
Characters and Location 
Lines -per se 
High " 
Stand 
Testcrosses 
Low High 
Stand Stand 
Lines ver se. Low stand 
Plant Height 
KanaTsiia 
Ames 
Ankeny 
Combined 
Ear Length 
Kanawha 
Ames 
Ankeny 
Combined 
Ear Diameter 
KanaTûia 
Ames 
Ankeny 
Combined 
Kernel Depth 
Kanamha 
Ames 
Ankeny 
Combined 
Grain Yield 
KanavÉïa 
Ames 
Ankeny 
Combined 
0.277** 
0.307** 
0.396** 
0.25:5** 
0.418** 
0.586** 
0.511** 
0.557** 
0.391** 
0.316** 
0.544** 
0.509** 
0.309** 
0.365%* 
0.538** 
0.5%7** 
0.788** 
0.826** 
0.823** 
0.9I6** 
0.012 
0.285** 
0.518** 
0.243** 
0.155 
0.255** 
0.436** 
0.244** 
0.220* 
0.358** 
0.443** 
0.377** 
0.167 
0.470** 
0.279** 
0.388** 
0.176 
0.228* 
0.200* 
0.252** 
0.072 
0.194* 
0.275** 
0.221* 
0.130 
0.239** 
0.212* 
0.230* 
0.275** 
0.308** 
0.192* 
0.320** 
* Significant at the 5^  level of probability. 
** Significant at the 1^  level of probability. 
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Table 22. (Continued). 
Type of Test, 
Giiaracters and Location 
itines per se 
High 
Stand 
Testcrosses 
Low High 
Stand Stand 
Lines xier se. Low stand 
Shelling % 
Kanawha 
Mes 
Ankeny 
Oombined 
0.372** 
0.448** 
0.484** 
0.492** 
0.204* 
0.328** 
0.142 
0.304** 
0.285** 
0.154 
0.128 
0.262** 
300-Kernel Weight 
Kanaistoa 
Mes 
Ankeny 
Combined 
0.100 
0.133 
0.121 
0.117 
0.147 
0.149 
0.181* 
0.206* 
0.182* 
0.181* 
0.200* 
0.208* 
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Table 23. Estimates of ptienotypie correlation coefficients 
between each of the indicated characters in the 
inbred lines Der se at high population and grain 
yield in the testcrosses. 
Type of Test, 
Characters and Location 
Testcrosses 
Low High 
Stand Stand 
Lines -per se. High stand 
Ear Length 
Kanaiftia 
Anes 
Ankeny 
Combined 
Ear Diameter 
KanaMia 
Ames 
Ankeny 
Combined 
Kernel Depth 
%ana#ia 
Anes 
Ankeny 
Combined 
Grain Yield 
KanaTÈia 
Ames 
Ankeny 
Combined 
Shelling % 
KanaTstia 
Anes 
Ankeny 
Combined 
-0.004 
0.191* 
0.244** 
0.199* 
0.215* 
0.337** 
0.084 
0.296 
0.194* 
0.313** 
0.089 
0.269** 
0.179* 
0.479** 
0.265** 
0.403** 
0.213* 
0.345** 
0.144 
0.314** 
0.368** 
0.112 
0.161 
0.177* 
0.280** 
0.303** 
0.096 
0.279** 
0.093 
0.234** 
•0.007 
0.192* 
0.153 
0.344** 
0.278** 
0.386** 
0.279** 
0.195* 
0.167 
0.261** 
* Significant at the 5% level of probability. 
** Significant at the 1% level of probability. 
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Table 23. (Oontinued). 
Testcrosses 
Type of Test, Low High 
Oharaoters and. Location Stand. Stand 
Lines Der se. High stand 
300-Kernel Weight 
KanaMia 0.101 0.$14*# 
Ames 0.141 0.225* 
Ankeny O.I76 0.249** 
Combined O.172 0.221 
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Table 24. Estimates of genotypio correlation coefficients 
between each, of the indicated characters in the 
inbred lines "oer se at low population and grain 
yield in the other evaluation procedures. 
Type of Test, 
Characters and Location 
Lines x>er se 
stand 
Testcrosses 
Low EtLgh 
Stand Stand 
Lines Der se. Low stand 
Plant Height 
Kana#ia 
Ames 
Ankeny 
Oombined 
Bar Length 
KanavAia 
Ames 
Ankeny 
Oombined 
Ear Diameter 
Kanawha 
Ames 
Ankeny 
Combined 
Kernel Depth 
Kanawha 
Ames 
Ankeny 
Oombined 
Grain Yield 
Kanawha 
Ames 
Anke^  
Oombined 
0.326 
0.358 
0.456 
0.389 
0.531 
0.687 
0.633 
0.593 
0.505 
0.375 
0.711 
0.572 
0.462 
0.454 
0.753 
0.625 
0.957 
0.954 
0.984 
0.985 
0.020 
0.388 
0.518 
0.284 
0.347 
0.364 
0.436 
0.283 
0.716 
0.508 
0.443 
0.477 
0.400 
0.687 
0.396 
0.4O6 
0.318 
0.393 
0.304 
0.301 
0.174 
0.368 
0.486 
0.265 
0.306 
0.428 
0.418 
0.375 
0.493 
0.536 
0.279 
0.379 
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Table 24. (0ontinued). 
Lines "per se Testcrosses 
Type of Test, Jdi^  Low Eigb. 
Oliaracters and Location Stand Stand Stand 
Lines Der se. Low stand 
Shelling % 
Kanaiâia 
Ames 
Ankeny 
Gombined 
0.426 
0.501 
0.558 
0.530 
0.479 
0.491 
0.142 
0.399 
0.548 
0.254 
0.184 
0.319 
300-Kernel Weight 
Eana#ia 
Mes 
Ankeny 
Gombined 
0.089 
0.144 
0.137 
0.113 
0.334 
0.189 
0.181 
0.261 
0.312 
0.281 
0.244 
0.254 
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Table 25* Estimates of genotypic correlation coefficients 
between each of the indicated, characters in the 
inbred lines "Per ^  at high population and grain 
yield in the other evaluation procedures. 
Testcrosses 
Type of Test, Low High 
Characters and Location Stand Stand 
Lines per se. High stand 
Ear iiength 
Eana'ïÉia 
Ames 
Ankeny 
Combined 
-0.049 
0.771 
0.350 
0.261 
0.195 
0.582 
0.227 
0.235 
Ear Diameter 
Kanawha 
Ames 
Ankeny 
Combined 
0,666 
0.561 
0.097 
0.387 
0.300 
0.257 
0.202 
0.397 
Kernel Depth 
Kana#ia 
Ames 
Ankeny 
Combined 
0.819 
0.594 
0.134 
0.344 
0.482 
0.156 
0.057 
0.259 
Grain Yield 
Kanawha 
Ames 
Ankeny 
Combined 
0.450 
0.687 
0.350 
0.492 
0.502 
0.553 
0.395 
0.476 
Shelling ;o 
Kanawha 
Ames 
Ankeny 
Combined 
1.714 
0.455 
0.196 
0.385 
1.355 
0.046 
0.223 
0.312 
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Table 25. (Continued). 
Testcrosses 
Type of Test, Low Higb. 
Oharacters and Location Stand Stand 
Lines per se. High stand 
300-Kernel Weight 
Kana#ia 0.539 0.152 
Anes 0.223 0.351 
Ankeny 0.17b O.328 
Gambined 0.204 O.26I 
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combining ability of the inbred, lines as measured by the yield 
of the testcrosses at high population level was correlated with 
each character as measured in the inbred lines "Per se at low 
population, the correlations obtained were of a lower magnitude 
but followed the same pattern as #ien combining ability of the 
inbred lines was measured by the yield of the testcrosses at 
low population. 
The correlations for grain yield in the testcrosses at low 
population level with each character in the inbred lines at 
high population level obtained with the pooled data from all 
locations were 0.403- 0.199, 0.314, 0.296, and 0.269 for the 
characters grain yield, ear length, shelling percentage, ear 
diameter, and kernel depth respectively. The lowest correla­
tion was for the character 300-kemel weight. "When grain yield 
in the testcrosses at high population level was used as a 
measure of the combining ability of the inbred lines, the 
values of the correlations obtained were someiAÉiat lower but 
followed a similar trend as those obtained when the yield of 
the testcrosses at low population level was considered. In 
general grain yield in the testcrosses at low population level 
had a higher degree of association with kernel depth, grain 
yield, ear diameter, and shelling percentage as expressed in 
the inbred lines at both population levels than did grain 
yield in the testcrosses at the high population level. 
77 
Inbred line 337 was grown in two sets of the inbred -per se 
material and B55 was included in the other two sets for refer­
ence purposes. Testcrosses of these two lines to Corn Borer 
Synthetic # 3 also were included in the corresponding testcross 
sets. 
The mean yield per plant of the ten highest yielding 
lines in the Tier se test grown at low population level and 
their relative yield with respect to the yield of the testcross­
es of the inbred lines B55 and B37 and with respect to the mean 
yield of the Corn Borer Synthetic # 3 parental population as 
estimated by the mean grain yield of all the testcrosses in­
cluded in this study is presented in Table 26. The relative 
yield of the ten highest yielding inbred lines ranged from 
67.6# to 88.8^  of the testcross of B37 x Corn Borer Synthetic 
#3, from 68.2^  to of the testcross of B55 z Corn Borer 
Synthetic # 3, and from 93.9,^  to 123.3^  of the mean yield of 
the Corn Borer Synthetic # 3 parental population as estimated 
by the mean yield of all the testcrosses included in this 
study. Three Sp lines exceeded the mean yield of the parental 
population. 
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Table 26. Yield of the ten highest yielding inbred lines in 
the -per se test relative to the yield of the test-
crosses of the two lines included as checks and the 
parental variety Oorn Borer Synthetic #3, all grown 
at the low population level. 
Pedigree 
Mean grain 
yield per 
plant, ave­
rage of 9 
Replications 
Relative vield as ^  of 
B37 B55 
Z X 
GB8 #3 OBS #3 OBS #3 
B37 z 028 #3 199.37 100.0 
B55 z OBS #3 197.71 100.0 
OBS #3 143.50* 100.0 
OBS #3-159-1 177.00 88.8 89.5 123.3 
OBS #3-104-1 154.63 77.6 78.2 107.7 
OBS #3-137-1 144.22 72.3 72.9 100.5 
OBS #3-195-1 141.91 71.2 71.8 98.9 
OBS #3-190-1 138.37 69.1 69.9 96.4 
OBS #3-74-1 138.03 69.2 69.8 96.2 
OBS #3-13-1 137.87 69.1 69.7 96.1 
OBS #3-202-1 136.11 68.3 68.8 94.8 
OBS #3-25-1 135.78 68.1 68.7 94.6 
OBS #3-84-1 134.79 67.6 68.2 93.9 
B-55 107.53 
B-37 78.73 
Estimated by the mean of all testcrosses. 
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DISCUSSION 
Success in selection of desirable genotypes in any-
breeding program is dependent upon precise evaluation of the 
genotypes under study. If a wide range in the phenotypic ex­
pression of the characters of interest is obtained among the 
genotypes under consideration, a better opportunity for dis­
crimination among those genotypes exists; and considerably 
less effort and resources would be necessary in their evalua­
tion than if the range of phenotypic expression of the charac­
ters is narrow and a more precise and extensive evaluation is 
needed. The testcross procedure commonly used in the evalua­
tion of inbred lines of maize and of other naturally cross 
pollinated crops, has been demonstrated to reduce the range of 
phenotypic expression of plant and ear characters in the inbred 
lines under evaluation as compared with the inbred progenies 
evaluated Der se. {(renter and Alexander I962; Lonnquist and 
lAndsey I964). It is also well known, that the main purpose 
in crossing the inbred lines to a common tester with a broad 
genetic base is to evaluate their general combining ability, 
•which is considered to be primarily a function of additive 
genetic effects. The performance of the inbred lines Der se 
is also a function of their additive genetic endowment. Since 
the masking effect of the genetic contribution of the tester 
does not exist, the evaluation of the additive genetic differ­
ences among a set of inbred lines can best be done by testing 
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them Tjer se. Expérimental evidence on the effectiveness of 
line "Per se evaluation for general combining ability of inbred 
lines is supplied by the reports of significant correlations 
between several characters of the inbred lines and the perform­
ance of their testcrosses obtained in maize by Davis (1934), 
Johnson and Hayes (I936), Hayes and Johnson (1939)» Aylesworth 
(1948), and Lonnquist and Lindsey (1964) and in sunflowers 
(Helianthus annus L. ) by Boss (1939), Putt (1943), and Bussell 
(1952). Since the ultimate value of the inbred lines selected 
would be in single and double cross combinations, it would be 
necessary that the expression of the characters of interest in 
the inbred lines would be significantly associated with the 
expression of the same characters in their crosses. Signifi­
cant association of the characters of the inbred lines and of 
their single crosses have been reported by Nilsson-Leissner 
(1927), Jenkins (1929) and Browne (1949). Under these con­
siderations, the inbred line "Per se testing procedure appears 
more desirable than the testcross procedure in the evaluation 
and selection of inbred lines with high general combining abil­
ity to be used in single and double cross combinations. 
The results of this study in general are in agreement 
with Txtiat would be expected on the basis of the theoretical 
background concerning the genetic interpretation of yield and 
combining ability in maize. The generally accepted hypothesis 
is that productiveness in corn is conditioned by dominant and 
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additive gene effects. Thus inbred lines carrying predominant­
ly desirable genes for yield and vigor would be relatively 
more vigorous and productive as compared with those carrying 
fewer desirable genes. 
In this study the range of all characters measured was 
wider in the self progeny "Per se test than in the testcrosses; 
and within each type of progeny, the range of phenotypic ex­
pression of all characters studied was wider in the low popula­
tion level than in the high population. Genotypic variance 
components calculated for each character in each type of prog­
eny at each population level and presented in Table 8 are fur­
ther evidence of the difference in range in the expression of 
the characters studied in the two types of progenies. These 
results are in agreement with those reported by Genter and 
Alexander (1962) and by Lonnquist acdldndsey (1964) and indi­
cate that the use of the inbred line "per se test would be a 
more effective evaluation procedure because a more distinct 
expression of plant and ear characters would be obtained and 
would peimt a better discrimination among the inbred line 
genotypes under study. These results also indicate that a 
more effective evaluation of the inbred lines in the per se 
test would be obtained at the low population level of 16,000 
plants per acre than at the 24,000 plant level. 
In the whole analysis of variance for each of the seven 
characters presented in Table 9» highly significant differences 
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between population levels •were obtained, in all oharacters 
studiecL except for plant height; aM as expected, highly sig­
nificant differences were obtained between tb.e two types of 
progenies for all characters studied. This indicates that ex­
cept for plant height a significantly distinct phenotypic ex­
pression of the characters measured was obtained at the two 
population levels and in the two types of progenies. However, 
the interaction population levels x progeny types was not con­
sistently significant from one location to another for all 
characters considered. Highly significant differences among 
progenies within sets were obtained for all characters. How­
ever, since in the whole analysis of variance the two progeny 
types are considered, specific inferences concerning either 
type of progeny as well as its interaction with population 
levels is not possible. Information on each type of progeny 
and its interactions is obtained from the separate analysis 
of variance for each type of progeny presented in Tables 10 
and 11. The results of these separate analyses indicate that 
the differences in phenotypic expression of the various char­
acters studied were highly significant in both types of prog­
enies, that the differences between the two population levels 
studied showed some inconsistency from one location to another, 
and that these differences tended to be more consistent in the 
testcrosses than in the inbred lines. The genotype x environ­
ment interaction (progenies/sets x population levels) indicated 
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that the inbred lines were more influenced by the environment 
than the testcrosses. In 9 out of 21 oases this interaction 
Tsas significant for the lines Der se. but in the testcrosses it 
•was significant only in two cases. 
The results obtained with the combined analysis of variance 
over the three locations for each type of progeny indicate that 
the phenotypic expression of the various characters studied, 
except for 300-kernel wei^ t in the inbred lines, resulted in 
highly significant differences for all characters at the two 
population levels in both types of progenies. As in the indi­
vidual analyses of the data frcan each location, the differences 
among the various genotypes studied in both types of progenies 
were highly significant for all characters. The results of 
these combined analyses also indicated that the inbred lines 
were more subject to interaction with the environment; and 
except for ear length, interacted the most with location. The 
lines -per se interacted significantly with population levels 
for the characters grain yield, shelling percentage, ear 
length, and 300-kernel wei^ t. In the testcrosses the inter­
actions progenies/sets x location and progenies/sets x popula­
tion levels were highly significant only in the case of grain 
yield. A more direct comparison of the importance of the dif­
ferent types of interaction for each character in the two 
types of progenies is obtained by comparing the estimates of 
their components of variance presented in Table 13. This 
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comparison indicates that the estimates of the component of 
variance for the interaction progenies/sets z location were 
greater for all characters in the inbred lines than in the 
testcrosses. The ccmponent of variance for the interaction 
progenies/sets x population levels also was greater in the 
inbred lines for all characters except for 300-kernel wei^ t, 
Althou#! the component of variance for the genotype x 
location and genotype x population interactions were much 
greater in the inbred lines per se. a comparison of the ratios 
P/S* P/S X L P/S* P/S X A the two different evalua­
tion procedures indicates that the genetic contribution of the 
tester greatly reduces the variance component due to the dif­
ferences among the inbred lines under study. Test precision 
becomes increasingly important in the testcross evaluation 
procedure; otherwise a far too large portion of the inbred 
lines under study will be saved until the superior genotypes 
are identified in further stages of the breeding process. 
The results obtained in this study with respect to genotype x 
environment interaction are in agreement with those reported 
by Lonnq.uist and Idndsey (1964). On the contrary, they do not 
agree with those obtained by Genter and Alexander (I962), Mio 
concluded that inbred lines had a more consistent performance 
from one environment to another than testcrosses. The results 
obtained in this study on genotype x environment interactions 
in the two types of progeny are consistent with theoretical 
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expectation. As the inbred lines used were Sg lines, each 
represents a rather hcanozygous and homogeneous population. The 
testcrosses are the results of crossing inbred lines to a 
heterozygous mna heterogeneous tester and represent a hetero­
zygous and heterogeneous population. Testcross progenies are 
expected to show less interaction with environmental factors 
than the self progenies since, as was pointed out by Lerner 
(1954), the heterogeneous and heterozygous condition is very 
important for fitness and yield in a corn population and in­
breeding tends to reduce the buffering properties in individ­
uals developed from heterozygous populations. This type of 
result, however, does not exclude the possibility of having 
some among the 124 inbred lines studied with a high level of 
stability of performance from environment to environment con­
ditioned by genetic factors as suggested by Eberhart and 
Russell (1966). 
One purpose of this study was to estimate the genotypic 
and phenotypic correlation coefficients between the same char­
acter as well as between eac±i character and grain yield as ex­
pressed in the different progeny types at each population 
level. Genotypic correlation could be due to one of two 
mechanisms, pleiotropy and linkage. Pleiotropy is simply the 
property of genes or groups of genes to affect two or more 
characters; so that if these genes are segregating, they cause 
simultaneous variation in the characters they affect. The 
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correlation resulting from pleiotropy is the overall or net 
effect of all the segregating genes that affect both characters. 
Some genes may increase both characters, and others may in­
crease one and reduce the other. Die former effect tends to 
cause a positive correlation and the latter a negative one. 
Thus pleiotropy does not necessarily cause a detectable corre­
lation. Linkage is the other important cause of correlation 
particularly in populations derived from crosses between 
strains with very divergent characters. The genotypic correla­
tion in the case of linkage could be reduced through randcan 
mating. Hienotypic correlation is the association of two 
characters which can be directly observed. This is determined 
tram, measurements of the two characters in a number of individ­
uals of the population. 
Phenotypic and genotypic correlation coefficients between 
the same character as expressed in the inbred lines at differ­
ent population levels, presented in Tables 14 throu^  17, indi­
cate that the genes determining each character affected it in 
the same direction in the inbred lines at both population 
levels. Ibese results also indicate that in the inbred lines 
selection for any character at low population level would be as 
effective as selection for the same character at a high popu­
lation level. The correlation coefficients obtained for grain 
yield as measured in the inbred lines ver se and in the test-
crosses were lower than for any other character. Tîhat is 
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really "being measured by the yield of the testcrosses is the 
general combining ability of the inbreds. The expression of 
general combining ability of a line or group of lines is de­
pendent upon the tester used, in this study a closely related 
tester with a broad genetic base. Lonnquist and lAndsey (1964) 
reported a hi^ er correlation between the yield of the inbred 
lines -per se and of the testcrosses "when an unrelated tester 
was used as compared with that obtained #ien the testcrosses 
were made to a related tester. Center and Alexander (1962) 
found different values for this correlation inôien two different 
single crosses were used as testers. If the performance of 
inbred lines -per se is a consequence of the additive action of 
genetic factors and if different testers give different meas­
ures of the general combining ability of a group of lines, the 
value of the correlation between yield of the inbred lines and 
yield of their testcrosses may vary depending on the tester 
used. The value of O.388 obtained for this correlation in this 
study "When both progeny types at low population level were con­
sidered, although lower than for any ottier character, is hi^  
enough as to have seme predictive value. selecting high 
yielding inbred lines, we may be selecting inbred lines with 
hi^  general combining ability. As very similar values for 
this correlation were obtained with the inbred lines at both 
population levels and as it is easier to handle the inbred 
lines at a low population level, it is suggested that the 
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evaluation and. selection of any character be made in the inbred 
lines at a low population level. 
The results presented in Tables 18 and 19 show a very high 
and consistent relationship of kernel depth with ear diameter 
and shelling percentage in the two progeny types at both popu­
lation levels. A lower and inconsistent relationship was ob­
tained between kernel depth and 300-kernel weight. The rela­
tionship between shelling percentage and ear length, ear diam­
eter and 300-kernel weight was consistently low in all cases 
studied. These results indicate that selection for either ear 
diameter or shelling percentage may result in selection in the 
same direction for kernel depth. This is very important be­
cause the measurement of kernel depth is some#iat complicated 
and time consinning. Time and money may be saved if selection 
of kernel depth is carried on through either of its correlated 
characters, ear diameter and shelling percentage, "wdiich are 
easier to measure. 
Phenotypic correlation coefficients between each charac­
ter and grain yield presented in Table 20 indicate that the 
characters ear length, ear diameter, and kernel depth were con­
sistently and significantly associated with grain yield in the 
four progeny type-population level group combinations. The 
correlation coefficients obtained between shelling percentage 
and grain yield were of the same order of magnitude as those 
obtained between grain yield and each of the three characters 
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mentioned above only in the inbred lines. In the testcrosses 
this correlation T»as about ^ 0% lower. The character 300-kernel 
weight showed almost no relationship with grain yield in the 
inbred lines. These results suggest that within each progeny 
type-population level group combination, selection for any of 
the characters ear length, ear diameter, kernel depth, or shell­
ing percentage may result in selection in the same direction 
for grain yield. However, selection for ear length and shell­
ing percentage may result in selection for yield more effective­
ly in the inbred lines than in the testcrosses. These results 
also indicate that 300-kernel weight is not important in any 
case "sôien high yielding inbred lines are to be selected. As 
both the performance of the inbred lines xier se and their gen­
eral combining ability have been considered as the result of 
the additive action of genetic factors, selecting inbred lines 
for any of the characters ear length, ear diameter, kernel 
depth, or shelling percentage may result in selection of high 
yielding inbred lines with high general combining ability. 
The correlation coefficients obtained between each charac­
ter as expressed in the inbred lines at both population levels 
and general combining ability as measured by grain yield of 
their testcrosses at low and high population levels presented 
in Tables 22 through 25» indicate that the characters in the 
inbred lines at the low population level lAilch were more con­
sistently associated with grain yield in the testcrosses at the 
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same population level were kernel depth, grain yield and shell­
ing percentage. The phenotypic correlation coefficients ob­
tained with the combined data over the three locations were 
0,377; 0.388, and 0.304, respectively. The genotypic correla­
tions were some^ àiat higher. The characters as expressed in the 
inbred lines at high population level which were most highly 
correlated with grain yield of the testcrosses at low popula­
tion level were ear length, kernel depth, grain yield, and 
shelling percentage. These results indicate that selection 
for any of the characters kernel depth, grain yield, or shell­
ing percentage in the inbred lines grown at low population 
level may result in selection of inbred lines with high general 
combining ability. This conclusion is in agreement with that 
reached v&ien the correlations between kernel depth and grain 
yield calculated within each progeny type-population level 
group combination were discussed. The same discussion also 
concluded that selection for the characters ear length and ear 
diameter may result in selection of inbred lines with high 
yielding capacity and consequently of inbred lines with high 
general combining ability. However, when the actual relation­
ship between each of those two characters and general combining 
ability was studied, very low coefficients of correlation were 
obtained. These results as well as the rather low values of 
the correlation between yield of the inbred lines and yield of 
the testcrosses may have been due in part to two causes, 
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l) to the genetic relationship between the tester used and 
some of the inbred lines, and 2) to sampling in the tester 
•sftien the testcrosses were made. It is possible that the syn­
thetic variety used as tester in this study may contain a large 
number of genes responsible for hi^  combining ability and that 
many of these may have a dominant or partially dominant behav­
ior. Consequently, a certain portion of the inbred lines 
vÈiich showed superior combining ability in the testcrosses 
possessed genes complementary to those present in the tester 
plants. "When the testcrosses were made, each 8^  plant was 
crossed to only five plants of the tester. This limited sample 
may not have been sufficient to give an adequate measure of 
general combining ability with the tester. 
The results presented in Tables 23 and 25 indicate that 
selection for yield in the inbred lines grown at the high popu­
lation level may also result in selection of inbred lines with 
high general combining ability. However, since the correla­
tion coefficients between yield of the inbred lines at low 
population and at high population levels were very high, 0.916 
ana 0.985 for the phenotypic and genotypic correlations, re­
spectively, and as it is easier to handle the inbred lines at 
low population levels, it is desirable to make the yield evalu­
ation of the inbred lines at the low population level. 
Center and Alexander (1966) reported that in two parallel 
recurrent selection programs the synthetic population developed 
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by intercrossing the ten highest yielding inhred lines selected 
from the inbred T)er se test outyielded in all cases the syn­
thetics developed by intercrossing the ten highest inbred lines 
selected from the testcross evaluation program. Four 8^  lines 
obtained from the second cycle synthetic developed on the basis 
of line T)er se evaluation yielded from 300 to 400 pounds per 
acre more than the original synthetic population. Lonnguist 
and Lindsey (1964) reported that two synthetic varieties, one 
developed by the recombination of lines selected on the basis 
of their -per se T)erfoimance and the other developed from a test-
cross evaluation program, outyielded significantly the parental 
population and that the differences in yield between these two 
new synthetic populations were nonsignificant, demonstrating 
for the first cycle of selection the effectiveness of the in­
bred "Per se evaluation procedure. The results presented in 
Table 26 are in agreement with those mentioned above and indi­
cate tbat high yielding inbred progenies may be developed by 
•aie inbred test procedure. Ihether or not lines of corn in 
later stages of inbreeding would bebave as the Sg lines used 
in this study remains to be determined. The performance of 
synthetic varieties developed from inbred lines selected on 
the basis of both evaluation procedures will be the subject of 
future research with this Corn Borer Synthetic #3 material. 
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SIBMâHT MD CONCLUSIONS 
In corn breeding programs, the testcross procedure is 
routinely used to evaluate general combining ability of inbred 
lines developed. However, the genetic contribution of the 
tester greatly reduces the range of phenotypic e33)ression of 
all the inbred characters and a more accurate evaluation of 
the testcrosses is necessary, Eecently the testing of the 
inbred lines x>er se has been reconsidered as an alternative 
-procedure of inbred evaluation. This study was planned to com­
pare the perfomance of 124 S^  inbred lines derived from a syn­
thetic variety designated as Corn Borer Synthetic #3 and of 
their testcrosses to the parental variety under two different 
population levels, 16,000 and 24,000 plants per acre, planted 
at three different locations; and to study the influence of 
plant population levels on the correlations among the seven 
agronomic characters plant height, ear length, ear diameter, 
kernel depth, grain yield, shelling percentage, and 300-ker-
nel weight as expressed in the two types of progenies. 
The range of the seven plant, ear, and kernel characters 
was wider in the self progenies t)er se than in the testcrosses; 
anri within each type of progeny it was wider in the low popu­
lation. This was shown also by the genotypic components of 
variance calculated for each character in each progeny type 
at each population level. In the combined analysis of vari­
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ance over the three locations for each tsrpe of progeny, the 
progenies/sets x location interaction in the inbred lines was 
highly significant for the characters plant height, ear length, 
kernel depth, grain yield, shelling percentage, and 300-kernel 
weight. In the testcrosses this interaction was significant 
only for the characters grain yield and 300-kemel weight. 
The progenies/sets x population levels interaction was 
highly significant in the inbred lines for the characters ear 
length, grain yield, and shelling percentage and in the test-
crosses only for grain yield. These results and the direct 
comparison of the components of variance for these interac­
tions in the two types of progenies show that, except for ear 
length, the inbred lines -per se were subject to a larger inter­
action with the environment than were the testcrosses. A com­
parison of the ratios  ^L P^/S "* ^ P/S z A 
the two different evaluation procedures indicates the relative 
magnitude of the genotypic effects among the genotypes in each 
type of progeny and shows that the genetic contribution of the 
tester considerably reduced the variance component due to the 
differences among the inbred lines. Therefore the test pre­
cision becomes very important in the testcross evaluation pro­
cedure. 
Phenotypic correlation coefficients calculated from the 
combined data from the three locations for the same characters 
as expressed in the inbred lines "oer se at different population 
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levels were veiy high, ranging from O.787 for ear length to 
0.940 for 300-kernel wei^ t. 
Correlation coefficients for the characters as expressed 
in the inbred lines -per se and in the testcrosses at low popu­
lation were consistently higher for all characters except ear 
length than those obtained for the same character as expressed 
in the inbred lines at low population and in the testcrosses at 
high population. 
Correlations obtained between the same character as ex­
pressed at low and high population levels in the testcrosses 
and at high population in the inbred lines were of the same 
order of magnitude and followed the same pattern as those ob­
tained Tdien the characters in the inbred lines at low popula­
tion were considered. In the inbred lines -per se. estimates 
of correlation coefficients between each of the characters 
measured and grain yield were in general of a hi^  magnitude; 
and there was no definite tendency for either of the two popu­
lation levels to show hi^ er correlations as ccmpared with 
each other. Kernel depth in both population levels had the 
highest correlation with yield although ear length, ear diam­
eter, and shelling percentage also had a fairly hi^  correla­
tion with yield. In the testcross progenies, the correlations 
of each character with yield were in general lower than those 
obtained in the self progenies Der se. The correlation co­
efficients were inconsistent from one location to another in 
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this type of progeny for all characters except for grain 
yield. 
îhenotypic correlation coefficients between each charac­
ter and yield as expressed in the inbred lines at both popula­
tion levels except for 300-kernel weight were moderately high 
for all characters ranging from 0,117 for 300-kernel weight to 
0.916 for grain yield. 
Hienotypic correlation coefficients between each character 
as expressed in the inbred lines at low population and their 
combining ability as measured by grain yield in the testcrosses 
at the same population level were relatively high for the char­
acters kernel depth, grain yield, and shelling percentage, be­
ing 0.377, 0.388, and 0.304, respectively. Correlation co­
efficients between combining ability as measured by the yield 
of the testcrosses at high population and each character as 
expressed in the inbred lines at low population, although 
following the same pattern as those obtained mâien combining 
ability was measured by the yield of the testcrosses at low 
population, were in general of a lower magnitude. 
Correlation coefficients between each character as meas­
ured in the inbred lines at high population and their combining 
ability as measured by the yield of the testcrosses at both 
population levels were of a lower magnitude than those obtained 
nAien the inbred lines at low population were considered. 
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The mean grain yield per plant of the ten highest yield­
ing inbred lines at the low population level relative to the 
mean yield of the parental population Com Borer Synthetic #3, 
estimated by the average yield of all testcrosses, ranged from 
93«9^  to 123.3^ ; and three of these lines exceeded the mean 
yield of the parental pojailation by 23.3^ , 1*7% and 0.5^  re­
spectively. 
The results obtained in this study indicate that: 
1) The test of the inbred lines Tier se at low population 
level will result in a more distinct phenotypic expression of 
all plant, ear, and kernel characters, providing a better 
opportunity for discrimination among the inbred genotypes, 
than will testcross progenies. 
2) Inbred progenies are more influenced by environmental 
factors than testcross progenies. However, the range of geno-
typic variance is greatly reduced in the testcrosses by the 
genetic contribution of the tester; and a more precise evalua­
tion is necessary. 
3) Within each progeny type-population level combination, 
selection for any of the characters ear length, ear diameter, 
kernel depth, or shelling percentage may result in selection 
for grain yield in the same direction. 
4) Selection in inbred lines grown at a low population 
level for any of the characters kernel depth, grain yield, or 
shelling percentage may result in selection of inbred lines 
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with high general ccmhining ability. 
5) As there exists a very high correlation between all 
characters of the inbred lines at low and high populations 
Ana the lines are easier to handle at a low population; it i& 
suggested that all the inbred characters be evaluated at low 
population levels. 
6} The development of high yielding inbred lines by 
this system of inbred line testing may be possible, but 
Trtbiether inbred lines in advanced stages of inbreeding would 
behave as the Sg inbred lines used in this study has not been 
determined. 
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